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ON  A  MW  METHOD  OF  DETECTING  OVERSTRAIN 

IN  IRON  AND  OTHER  METALS,  AND  ON  ITS    APPLICATION    IN   THE 

INVESTIGATION  OF  THE  CAUSES  OF  ACCIDENTS  TO 

BRIDGES  AND  OTHER  CONSTRUCTION'S. 


A  Paper  by  Kobert  H.  Thurston,  C.  E. ,  Member  of  tlie  Society. 
Bead  March  20th,  1878. 


It  lias  been  shown  by  tlie  writer  *  and  by  other  investigators  that, 
when  a  metal  is  subjected  to  stress  exceeding  that  required  to  strain  it 
beyond  its  original  apparent,  or  "primitive,"  elastic  limit,  this  prim- 
itive elastic  limit  becomes  elevated,  and  that  strain-diagrams  obtained 
autographically,  or  by  carefully  plotting  the  results  of  well  conducted 
tests  of  such  metal,  are  "the  loci  of  the  successive  limits  of  elasticity  of 
the  metal  at  the  successive  positions  of  set."  f 

It  has  been  shown  by  the  writer  also  that,  at  the  successive  posi- 
tions of  set,  strain  being  intermitted,  a  new  elastic  limit  is,  on  renewing 
the  application  of  the  distorting  force,  found  to  exist  at  a  point  which 

*  See  Trans.  Am.  Soc.  C.  E.,  1871,  et  seq.,  Journal  Franklin  Institute,  1S74  ;  Van  Nos- 
trand's  Eclectic  Engineering  Magazine,  1874,  etc.,  etc. 

t  On  the  strength,  etc.,  of  Materials  of  Construction.  1874,  Sec.  20. 
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approximately  measures  the  magnitude  of  the  load  at  the  moment  of 
intermission.* 

It  has  been  still  further  shown  by  the  writer,  and  by  Commander 
Beardslee,  U.  S.  N. ,  by  direct  experiment  in  the  Mechanical  Laboratory  of 
the  Stevens  Institute  of  Technology,  and  at  the  Washington  Navy  Yard, 
that  the  normal  elastic  limit,  as  exhibited  on  strain-diagrams  of  tests 
conducted  without  intermission  of  stress,  is  exalted  or  depressed  when 
intermission  of  distortion  occurs,  according  as  the  metal  belongs  to  the 
iron  or  to  the  tin  class,  f  This  elevation  of  the  normal  elastic  limit  by 
intermitting  strain  is,  as  has  been  shown,  variable  in  amount  with  different 
materials  of  the  iron  class  and  the  rate  at  which  this  exaltation  pro- 
gresses is  also  variable.  With  the  same  material  and  under  the  same 
conditions  of  manufacture  and  of  subsequent  treatment,  the  rate  of 
exaltation  is  quite  definite  and  may  be  expressed  by  a  very  simple 
formula.  The  writer  has  experimented  with  bridge  material,  and  Com- 
mander Beardslee  has  examined  metal  specially  adapted  for  use  in  chain 
cables,  for  which  latter  purpose  an  iron  is  required,  as  in  bridge  building, 
to  be  tough  as  well  as  strong  and  uniform  in  structure  and  composition. 
The  experiments  of  the  latter  investigator  have  extended  to  a  wider  range 
than  have  those  of  the  writer,  and  the  effect  of  the  intermission  of 
strains  considerably  exceeding  the  primitive  elastic  limit  has  been  de- 
termined by  him  for  periods  of  from  one  minute  to  one  year.  J  From  a 
study  of  the  results  of  such  researches  and  from  a  comparison  with  the 
latter  investigation,  which  was  found  to  be  confirmatory  of  the  deduc- 
tion, the  writer  has  found  that,  with  such  iron  as  is  here  described,  the 
process  of  exaltation  of  the  normal  elastic  limit  due  to  any  given  degree 
of  strain  usually  nearly  reaches  a  maximum  in  the  course  of  a  few  days 
of  rest  after  strain,  its  progress  being  rapid  at  first  and  the  rate  of 
increase  quickly  diminishing  with  time.  For  good  bridge  irons,  the 
amount  of  the  excess  of  the  exalted  limit,  as  shown  by  subsequent  test, 
above  the  stress  at  which  the  load  had  been  previously  removed  may  be 
expressed  approximately  by  the  formula  : 

El  =  5  Log.  T+  1.50  per  cent. ; 
in  which  the  time,    T,   is   given  in  hours  of  rest  after  removal   of  the 
tensile  stress  which  produced  the  noted  stretch. 

*  On  the  Mechanical  Treatment  of  Metals  ;  Metallurgical  Review,  1877  ;  Engineering  and 
Mining  Journal,  1877. 

t  Trans.  Am.  Soc.  C.  E.,  1877. 

t  The  result  on  this  investigation  is  completed  and  will  be  presented  to  the  President  of  the 
United  States  by  the  United  States  Board  appointed  to  test  iron,  steel,  etc. 
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Thus,  in  the  figure,  which  is  a  facsimile  of  a  part  of  a  strain-diagram 
produced  by  such  au  iron,  during  a  test  in  which  the  intermission  of 
stress  was  of  too  brief  duration  to  cause  an  observable  exaltation  of  the 
normal  elastic  limit  iu  a  diagram  drawn  on  so  small  a  scale,  the  point  E 
is  the  primitive  elastic  limit  of  the  material,  and  El  En  Em  EIV,  are 
the  normal  elastic  limits  corresponding  to  sets  under  loads  which  have 
strained  it  beyond  that  primitive  elastic  limit.  In  the  example  here 
illustrated,  the  primitive  limit  is  found  at  about  20,000  pounds  per 
square  inch,  or  1,400  kilograms  per  square  centimeter,  and  the  other 
points  are  those  corresponding  to  loads  of,  respectively,  21,000,  22,500, 
25,000  and  30,000  pounds  on  the  inch,  or  to  1  470,  1  575,  1  750  and 
2  100  kilograms  on  the  square  centimeter.  The  corresponding  exten- 
sions, as  shown  on  the  diagram,  are  1.25,  2.53,  4.50  and  6.78  per  cent. 

Had  the  stress  been  intermitted  at  either  of  these  points  any  consid- 
erable period  of  time,  there  would  have  been  observed  a  rise  in  the  dia- 
gram as  above  stated  like  that  shown  in  Fig.  1,  at  Ex  the  normal  elastic 
limit  e,  being,  on  subsequent  test,  found  altered  and  a  new  limit,  e' , 
observed.  The  extent  of  this  elevation  of  the  limit  would  be  the  greater 
as  the  time  of  rest  was  greater,  as  already  seen. 

Thus,  it  is  seen  that  a  metal,  once  overstrained,  carries,  permanently, 
unmistakable  evidence  of  the  fact*  and  can  be  made  to  reveal  the  amount 
of  snch  overstrain  at  any  later  time  with  a  fair  degree  of  accuracy.  This 
evidence  cannot  be  entirely  destroyed,  even  by  a  moderate  degree  of 
annealing.  Often,  only  annealing  from  a  high  heat,  or  reheating  and 
reworking,  can  remove  it  absolutely.     Thus,  too,  a  structure,   broken 


*  The  writer  has  found  by  subsequent  tests,  that  transverse  strain  produces  the  same  effect 
upon  the  elastic  limit  for  tension. 
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down  by  causes  producing  overstrain  in  its  tension  members,  or  in  its 
transversely  loaded  beams  (and,  probably,  in  compression  members — 
although  the  writer  is  not  yet  fully  assured  of  the  latter),  retains  in  every 
piece  a  register  of  the  maximum  load  to  which  that  piece  has  ever  been 
subjected  ;  and  the  strain-sheet  of  the  structure,  as  strained  at  the  instant 
of  breaking  down,  can  be  thus  laid  down  with  a  fair  degree  of  certainty. 

Here,  then,  when  the  work  above  detailed  shall  have  been  properly 
complemented  with  experimental  determinations  of  the  behavior  of  all 
the  materials  of  general  use  in  construction,  may  be  found  a  means  of 
tracing  the  overstrains  which  have  resulted  in  the  destruction  or  the 
injury  of  any  iron  or  steel  structure,  and  of  ascertaining  the  cause  and 
the  method  of  its  failure,  in  cases  frequently  happening  in  which  they 
are  indeterminable  by  any  of  the  usual  methods  of  investigation. 

The  fact  of  the  normal  variation  of  the  elastic  limit,  as  change  of 
form  progresses  under  gradually  increased  load,  has  been  well  estab- 
lished by  the  experiments  of  Hodgkinson,  Clark,  Mallett,  and  other 
English  investigators  ;  by  Tresca,  particularly,  in  France  ;  by  Werder 
and  Bauschinger  in  Germany,  and  by  Beardslee,  the  writer  and  others  in 
the  United  States. 

The  exaltation  of  the  series  of  normal  limits  so  produced,  still  further, 
as  shown  by  the  writer  and  as  seen  in  Fig.  1,  by  the  intermission  of 
strain,  as  at  Ev,  is  also  a  matter  of  no  uncertainty  as  to  its  character, 
although  much  more  study  is  needed  to  determine  the  modifying  effects 
of  time  of  intermission  on  metals  of  the  two  great  classes  and  of  differing 
composition.  The  method  above  outlined  of  determining  the  extent  of 
previous  overstrain  may  therefore  be  expected  to  have  many  useful 
applications. 

In  illustration  of  an  application  of  the  facts  thus  reviewed  to  the 
determination  of  the  causes  and  the  method  of  the  injury  or  the  destruc- 
tion of  a  structure,  assume  the  existence  of  a  set  of  conditions  which  is 
familiar  to,  probably,  every  engineer  in  the  country  who  has  seen  much 
of  the  Howe  truss,  and  of  some  other  forms  of  bridges,  as  frequently 
built  before  the  present  generation  of  professional  bridge  builders  effected 
a  revolution  in  that  department  of  engineering  construction. 

Suppose  one  of  these  bridges  to  have  been  built  with  a  span  of  150 
feet  and  to  have  been  given  such  proportions  that,  with  a  weight  of  1,200 
pounds  per  running  foot  and  a  load  of  one  ton  per  running  foot,  the 
maximum  stress  on  end-rods,  or  other  members  most  strained,  is  as  high 
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as  20  000  pounds  per  square  inch  of  section  of  metal.  Suppose  this 
bridge  to  have  its  tension  members  composed  of  a  fair,  but  unrefined, 
iron,  having  an  elastic  limit  at  about  17  000  pounds  per  inch,  and  a 
tenacity  of  45  000  to  48  000  pounds,  and  with  an  extensibility  of  about 
20  per  cent. 

Suppose  this  structure  to  break  down  under  a  load  exceeding  that 
usually  sustained  in  ordinary  work,  and  the  cause  of  the  disaster  to  be 
"involved  in  mystery." 

Sup2>ose  portions  of  the  several  tension  members  to  be  subsequently 
removed,  and,  a  few  days  after  the  accident,  to  be  carefully  tested,  with 
the  following  results  : 

Elastic  Limit.        Tenacity. 

Sample  No.   1 16  500  46  000 

"     2 18  000  48000 

'«     3 30000  48000 

"     4 22  500  50  000 

'•     5 25  000  52  000 

"     0   27500  52000 

"     7 28  000  52  000 

"     S 30  000  52  000 

"     'J 32  000  53000 

"10 34000  53  0o0 

And  that  the  extensibility  is  found  to  be  as  little  as  from  ten  to  fifteen 
per  cent. 

Suppose  it  to  be  found  that  the  tension  members  were  straight  bolts 
without  upset  ends,  the  threads  being  cut,  as  was  once  common,  in 
such  a  manner  that  the  section  at  the  bottom  of  the  thread  is  one-third 
less  than  the  sectional  area  of  the  body  of  the  liar.  Suppose,  finally, 
that  the  location  of  the  tested  pieces  in  the  structure  being  noted,  it  is 
found  that  the  stronger  metal,  having  also  the  highest  elastic  limit,  came 
from  the  neighborhood  of  the  point  at  which  the  bridge  gave  way,  and 
that  the  weakest  metal  and  that  exhibiting  the  lowest  elastic  limit  came 
usually  from  points  more  or  less  remote  from  the  break.  It  is  not  likely 
that  in  all  cases  the  increase  in  the  altitude  of  the  elastic  limit  and  the 
increase  noted  in  the  ultimate  strength  of  the  samples  would  exhibit  a 
regular  order  coincident  with  the  order  of  the  rods  as  to  position  in  the 
structure  ;  since  the  magnitude  and  the  arrangement  of  the  bars  would, 
to  a  certain  extent,  determine  the  relative  amounts  of  strain  thrown  upon 
them  by  overloading  any  one  part  of  the  truss.  For  present  purposes 
■we  may  assume  the  order  of  arrangement  to  be  thus  coincident. 

On  examination  of  the  figures  as  above  given,  the  engineer  would 
conclude  :  First,  that  the  original  apparent  elastic  limit  of  the  iron  used 
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in  this  case  must  have  been  not  far  from  17  000  pounds  per  square  inch 
and  that  its  tenacity  was  between  46  000  and  48  000  pounds  ;  secondly, 
that  this  primitive  elastic  limit  had  been  elevated,  by  subsequent  loads 
exceeding  that  amount,  to  the  higher  figures  given  by  the  bars  numbered 
from  3  to  10  inclusive  ;  thirdly,  that  the  ultimate  strength  of  the  material 
had  been,  in  some  examples  given  above,  increased  by  similarly  inter- 
mitted strain. 

It  would  be  concluded  that  the  ordinary  loads,  such  as  had  been  car- 
ried previously  to  the  entrance  upon  the  bridge  of  that  which  caused  its 
destruction,  never  exceeded,  in  their  straining  action,  16  500  pounds  per 
square  inch  of  section  of  tension  rod  at  the  part  of  the  truss  from  which 
No.  1  had  been  taken,  and  that  the  other  rods  tested  had  carried,  prob- 
ably, at  the  time  of  the  accident,  loads  approximately  equal  to  those 
required  to  strain  them  to  the  extent  measured  by  their  elastic  limits  at 
the  time  of  testing  them. 

It  would  be  concluded  that  the  rod  from  which  No.  10  was  cut  was 
either  that  most  strained  by  the  load,  and  therefore  nearest  the  point  of 
fracture  of  the  truss,  or  that  it  was  very  near  that  point,  and  it  would  be 
made  the  basis  of  comparison  in  further  studying  the  case. 

As  this  elastic  limit  approaches  most  nearly  the  breaking  strength  of 
the  metal,  we  may  apply  the  formula  for  the  elevation  of  the  elastic 
limit  with  time  after  intermitted  strain  which  has  been  above  given  as- 
derived  from  tests  of  a  metal  of  very  similar  quality.  Taking  the  time 
of  intermission  as  one  week,  the  extent  of  the  increase  has  a  probable 
value  not  far  from  E'  =  5  log.  168  +  1.5  =  nearly  12£  per  cent.  The 
magnitude  of  the  stress  upon  this  piece  at  the  time  of  the  accident  was 
therefore  34  000  less  one-ninth  of  that  value,  or  about  30  000  pounds  per 
square  inch  of  cross-section  of  the  bar.  This  corresponds  to  about  45  000 
pounds  per  square  inch  at  the  bottom  of  the  thread,  and  is  within  five  per 
cent,  of  the  primitive  breaking  strength  of  the  iron.  The  bar,  if  broken 
at  the  screwed  portion,  has  therefore  yielded  either  under  a  dead  load 
which  was  at  least  equal  to  its  maximum  resistance,  or  under  a  smaller 
load  acting  so  suddenly  as  to  have  the  effect  of  a  real  "  live  load. "  Or  the 
slight  difference  here  noted  may  be  due  to  a  flaw  at  the  point  of  fracture. 
However  that  may  be,  it  is  almost  certain  that  the  body  of  the  rod  has 
sustained  a  stress  of  not  far  from  30  000  pounds  per  square  inch. 

But  it  is  found,  on  further  investigation,  that  the  load  on  the  struc- 
ture at  the  time  of  the  accident  was  but  sufficient  to  make  the  maximum. 
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stress  on  these  rods — if  properly  distributed — 20  000  pounds  per  square 
inch  at  the  threaded  part  of  the  piece  ;  which  piece,  it  has  been  seen,  has 
been  broken  by  a  strain  nearly  double  that  figure.  The  fact  is  at  once 
inferable  that  the  load  came  upon  these  members  with  such  suddenness 
as  to  have  at  least  the  effect  of  a  live  load  (as  taken  in  the  text-books)  and 
giving  a  maximum  stress  equal  to  twice  that  produced  by  the  same  load 
gradually  applied,  i.  e.,  the  case  in  which  the  load  falls,  through  a  height 
equal  to  the  extension  of  the  piece  strained  by  it,  the  resistances  being 
assumed  to  increase  directly  as  the  extension  up  to  the  point  of  rupture, 
— an  assumption  which  is  approximately  correct  for  brittle  materials  like 
hard  cast  iron,  but  quite  erroneous  in  the  case  of  some  ductile  materials, 
which  latter  sometimes  give  a  "work  of  ultimate  resistance"  amounting 
to  three-fourths  or  even  five-sixths  of  the  product  of  maximum  resistance 
by  the  extension. 

This  accident  was  therefore  caused  by  the  entrance  upon  the  bridge 
of  a  load  capable  of  straining  the  metal  to  about  one-half  of  its  ultimate 
strength,  if  slowly  applied,  but  which,  in  consequence  of  its  sudden 
application,  doubled  that  stress. 

This  sudden  action  may  have  been  a  consequence  either  of  its  coming 
upon  the  structure  at  a  very  high  speed,  or  a  result  of  the  loosening  of 
a  nut,  or  of  the  breaking  of  a  part  of  either  the  bridge  floor  or  of  one  of 
the  trucks  of  the  train.  The  latter  occurrence,  permitting  the  load  to 
fall  even  a  very  small  distance,  would  be  sufficient. 

This  paper  is  not  presented  as  a  perfectly  satisfactory  statement  of 
definite  facts  from  which  absolutely  reliable  conclusions  can  be  drawn. 
The  whole  subject  is  deserving,  however,  of  very  careful  and  very  ex- 
tended experimental  investigation,  and  the  writer  has  been  able  to  obtain 
but  a  small  amount  of  satisfactory  definite  information  in  regard  to  it 
as  yet.  The  figures  given  do  not  exactly  represent  those  obtained  from 
any  actual  case.  They  do,  however,  fairly  illustrate  the  limited  expe- 
rience of  the  writer,  and  are  nearly  exact  for  at  least  one  case  ;  they  may 
serve  to  indicate  the  possible  value  of  the  cautious  application  of  the 
method  here  outlined  of  studying  the  causes  of  such  accidents  as  are  con- 
sidered in  the  hypothetical  case  here  taken. 

The  same  method  may  sometimes  be  used  to  ascertain  the  probable 
cause  of  a  boiler  explosion  by  determining  whether  the  metal  has  been 
subjected  to  overstrain  in  consequence  of  overpressure.  The  causes  of 
accidents  to  machinery  may  also  be  thus  detected,  and  many  other 
applications  will  suggest  themselves  to  every  engineer. 
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STEAM   ENGINE  ECONOMY. 

A    UNIFORM    BASIS    FOR    COMPARISON. 


A  Paper  by  Ch.vrles  E.  Emery,  M.  E.,  Member  of  the  Society. 


In  writing  a  general  report  on  the  exhibits  referred  to  the  judges  of 
Group  XX,  Centennial  Exhibition,  the  writer  compared  the  facts  available 
in  regard  to  the  economy  of  steam-engines  of  various  kinds  on  the  uni- 
form 1  »asis  that  the  boiler  is  capable  of  absorbing  10  000  heat-units  per 
pound  of  coal  consumed.  This  corresponds  to  an  evaporation  of  8.99 
pounds  of  water  at  80  pounds  pressure,  9.03  pounds  at  60  pounds  pres- 
sure, or,  9.08  pounds  at  -40  pounds  pressure  from  a  temperature  of  100 -" 
in  each  case.  This  evaporation  is  higher  than  is  usually  obtained,  but 
has  been  so  much  exceeded  in  practice*  that  it  is  not  considered  too 
high  for  a  basis  of  comparison.  The  basis,  moreover,  enables  the 
duty  of  pumping-engines  and  other  steam  machinery  to  be  ascertained 
and  expressed  in  a  very  ready  and  convenient  manner.  Ten  thousand 
heat-units  per  pound  of  coal  is  equivalent  to  one  million  heat-units  per 
100  pounds  of  coal,  and  as  the  duty  of  pumping-engines  is  convention- 
ally expressed  in  millions  of  foot-pounds  per  100  pounds  of  coal,  it 
follows  on  the  basis  presented  that  the  number  of  foot-pounds  per  heat-unit 

*  See  examples  at  page  75  of  the  report  referred  to. 
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represents  also  the  number  of  millions  of  foot-pounds  duty  per  100  pounds 
of  coal.  The  performance  of  all  kinds  of  steam-engines  may  be  readily 
compared  on  this  basis.  The  simplest  application  is  in  testing  vacuum- 
pumps,  the  duty  of  which  may  be  readily  ascertained  by  noting  the 
height  of  lift,  and  the  initial  and  final  temperatures  of  the  water  lifted. 
All  the  heat  of  the  steam  not  expeuded  in  work  enters  the  water,  and 
the  work  performed  lifts  the  .same  water.  The  difference  in  temperature 
gives  very  nearly  the  number  of  heat-units  imparted  to  each  pound  of 
water  lifted,  and  each  pound  of  water  so  heated  is  lifted  a  certain  number 
of  feet  high,  so  the  result  maybe  expressed  readily  in  foot-pounds  per 
heat -unit,  which,  as  before  stated,  ecpials  also,  on  the  basis  presented, 
the  number  of  millions  of  foot-pounds  duty  per  100  pounds  of  coal.  For 
ordinary  comparisons  the  number  of  millions  duty  espials  the  lift  divided 
by  the  difference  between  the  initial  and  final  temperatures  of  the  water. 
For  more  accurate  computations,  the  divisor  should  be  increased  by  the 
number  of  heat-units  expended  for  work  per  pound  of  water  lifted. 
which  equals  the  height  divided  by  772.  The  height  preferably  should 
be  calculated  fiom  the  indications  of  a  pressure-gauge  at  the  bottom  of 
tin-  discharge-pipe,  so  as  to  include  frictional  resistances.  If  I)  =  duty 
in  foot-pounds  per  100  pounds  of  coal,  H  =  the  height  of  lift  per  gauge, 
and  t  and  T  =  the  initial  and  final  temperatures  respectively,  then 

1  000  ODD  // 
D  —  T  —  * -|- .0013  11. 

Arrangements  have  been  made  by  the  writer  to  use  the  same  basis  in 
testing  pumping-engines,  by  discharging  water  from  the  hot  well  into 
the  suction  of  the  main  pumps,  and  noting  with  delicate  thermometers 
the   resulting  increase  of  temperature  of  the  water  lifted. 

A  vacuum-pump  tested  by  the  writer  in  1871  gave  a  duty,  on  the 
above  basis,  of  4^  millions  ;  one  tested  by  Mr.  J.  F.  Flagg  at  the  Cin- 
cinnati Exhibition  in  1875,  reduced  to  the  same  basis,  gave  a  maximum 
duty  of  of,;"',,  millions.  Several  vacuum  and  steam-pumps  tested  on  this 
basis  at  the  suggestion  of  the  writer  about  two  years  since,  gave  duties 
reported  as  high  as  10  000  000  to  11  000  000,  the  very  small  steam-pumps 
doing  no  better  apparently  than  the  vacuum-pumps,  which  is  by  no 
means  surprising.  Elaborate  experiments  made  with  steam-pumps  at 
the  American  Institute  Exhibition  of  1867,*  showed  that  average-sized 


*  See  report  of  Messrs.  Holmes,  Selden,  and  Emery,  judges,  &c,  Transactions  American 
Institute,  1867-G8. 
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stearnqmmps  do  not,  on  the  average,  utilize  more  than  50  per  cent,  of 
the  indicated  power  in  the  steam-cylinders,  the  remainder  being  absorbed 
in  the  friction  of  the  engine,  but  more  particularly  in  the  passage  of  the 
water  through  the  pump.  Again,  all  ordinary  steam-pumps  for  mis-, 
cellaneous  uses  require  that  the  steam-cylinder  shall  have  3  to  4  times 
the  area  of  the  water-cylinder  to  give  sufficient  power  when  the  steam 
is  accidentally  low  ;  hence,  as  such  pumps  usually  work  against  the 
atmospheric  pressure,  the  net  or  effective  pressure  forms  a  small  per- 
centage of  the  total  pressure,  which,  with  the  large  extent  of  radiating 
surface  exposed  and  the  total  absence  of  expansion,  makes  the  expenditure 
of  steam  very  large.  One  pump  tested  by  the  writer  required  120  pounds 
weight  of  steam  per  indicated  horse-power  per  hour,  and  it  is  believed 
that  the  cost  will  rarely  tall  below  60  pounds  ;  and  as  only  50  per  cent. 
of  the  indicated  power  is  utilized,  it  may  be  safely  stated  that  ordinary 
stearn-punrps  rarely  require  less  than  120  pounds  of  steam  per  hour  for 
each  horse-power  utilized  in  raising  water,  equivalent  to  a  duty  of  only 
15  000  000  foot-pounds  per  100  pounds  of  coal  on  the  same  basis  adopted 
for  the  vacuum-puinps.  With  larger  steain-pumps,  particularly  when 
they  are  iJroportioned  for  the  work  to  be  done,  the  duty  will  lie  materially 
increased. 

Ten  thousand  heat-units  per  pound  of  coal  represents  an  ultimate 
efficiency  of  only  (10  000  x  100  -f-  14  500  =)  69  per  cent,  of  the  calorific 
value  of  anthracite  coal,  so  that  ordinarily  more  than  (100  —  69  =)  31  per 
cent,  of  the  heat  in  the  fuel  is  carried  to  waste  up  the  chimney.  A  still 
greater  loss  is,  however,  experienced  in  utilizing  the  steam  for  the  pur- 
pose of  work  in  the  engine.  The  mechanical  equivalent  of  one  heat-unit 
is  772  foot-pounds,  which,  on  the  basis  referred  to  above,  corresponds 
to  a  duty  of  772  millions  of  foot-pounds  per  100  pounds  of  coal.  The 
most  economical  steam  engines,  for  instance,  pumping-engines  of  ap- 
proved types,  utilize  in  the  steam-cylinder  only  about  130  millions, 
on  the  same  basis,  equivalent  to  an  ultimate  efficiency  of  (130  x 
100-^772=)  16.84  per  cent,  of  the  heat  in  the  steam,  and  but  (16.84  X 
.69=)  11.62  per  cent,  of  the  calorific  value  of  the  fuel.  The  principal 
reason  for  this  is  that  the  exhaust  steam  necessarily  carries  to  waste  the 
heat  required  to  maintain  it  in  a  vaporous  state  at  the  tension  due  to  the 
back  pressure.  This  under  the  most  favorable  circumstances  forms  the 
larger  proportion  of  the  total  heat  of  the  steam  and  reduces  the  opportu- 
nities for  securing  economy  within  small  limits  compared  with  the  theo- 
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retical  limit,  although  the  differences  between  the  performances  of  differ- 
ent engines  are  great  when  compared  one  with  another.  * 

Means  for  securing  economy  in  steam-engines  may  be  divided  into 
two  classes,  viz.,  those  of  a  mechanical  nature  and  those  which  influence 
the  thermal  conditions.  As  to  the  first,  the  necessity  of  securing 
tight  pistons  and  valves,  ample  area  of  cylinder  passages,  reduced  clear- 
ances, etc.,  are  well  understood,  also  the  incidental  advantages  due  to  a 
certain  degree  of  compression.  Those  of  the  second  class  act  to  reduce 
the  cylinder  condensation,  and  include  high  speeds  of  revolution,  steam 
superheating,  steam-jacketing,  and  the  compounding  of  engines.  High 
speed  of  revolution  (which  does  not  necessarily  imply  high  piston  speed, 
as  generally  understood)  secures  economy,  by  reducing  the  time  in  which 
the  transfers  of  heat  to  and  from  the  steam  and  inclosing  walls  must  take 
place.! 

Superheating  the  steam  has  experimentally  proved  effective  for  mode- 
rate rates  of  expansion,  in  which  the  original  temperature  required  to 
maintain  the  gaseous  condition  of  the  steam  to  the  point  of  release  was 
not  too  high  to  prevent  proper  lubrication.  Mr.  Geo.  P.  Dixwell,  of 
Boston,  Massachusetts,  has  applied  a  thermometer  to  a  steam-cylinder, 
by  inspection  of  which  it  is  possible  to  regulate  the  temperature  so  as  to 
prevent  injury  to  the  metal  surfaces.  The  great  difficulty  is,  however,  to 
secure  a  permanent  and  reliable  superheating  apparatus.  Steam-jacket- 
ing has  to  a  limited  extent  advantages  of  the  same  kind  as  superheating, 
and  involves  no  serious  difficulties  in  management.  The  jackets  are 
most  effective  on  long  cylinders  of  small  diameter.     In  experiments  with 

*  In  view  of  discussions  in  progress  at  the  date  of  writing  on  the  proper  details  of  a  theo- 
retically perfect  steam-engine,  it  is  proper  to  mention  that  in  the  year  18G8  the  writer  designed 
and  partially  constructed  a  non-exhausting  experimental  engine  in  which  the  steam,  after  ex- 
pansion in  the  cylinder,  was  to  be  circulated  through  another  vessel,  to  withdraw  the  water  due 
to  the  performance  of  work;  the  dry  steam  was  then  to  be  returned  to  the  cylinder  and  com- 
pressed, which  it  was  expected  would  require  less  power  than  the  expansion  would  furuish. 
and  sufficient  steam  only  be  received  from  the  boiler  to  supply  that  condensed  for  work.  A  de- 
monstration of  the  correctness  ot  the  principle  only  was  intended,  the  power  expected  being 
so  small  that  the  experimental  engine  was  to  be  connected  to  another  to  keep  it  in  motion. 
Before  the  apparatus  was  completed  the  funds  were  diverted  to  objects  of  greater  immediate 
necessity,  and  the  subject  is  meutioned  only  as  indicating  the  general  principle  upon  which  a 
theoretically  perfect  steam-engine  may  be  constructed.  See  description  of  the  apparatus  in 
article  on  the  "Theoretical  Steam-Engine, "  Scientific  American  Supplement,  August  18,  1877. 
See  also  Prof.  Thurston's  calculations  on  a  similar  subject  in  Journal  of  the  Fran/din  Institute, 
October,  November  and  December,  1877. 

t  The  value  of  this  saving  was  determined  by  the  writer  for  the  Novelty  Iron  Works,  Mr. 
Horatio  Allen,  President,  in  the  year  1868,  and  embodied  in  a  series  of  tables  showing  the 
relative  power  and  economy  of  different  sizes  of  steam-engines,  which  tables  were  afterwards 
published  by  Prof.   W.  P.  Trowbridge,  the  former  Vice-President  of  the  company. 
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United  Stat  ss  revenue  steamers,  hereinafter  mentioned,  the  economy  of  a 
steam-jacket  on  a  comparatively  short  cylinder  was  found  to  be  11  to  12 
per  cent. 

Compound  engines,  in  addition  to  advantages  of  a  mechanical  nature, 
in  better  distributing  the  strains  and  rendering  more  uniform  the  rota- 
tive efforts,  serve  also  to  reduce  cylinder  condensation  by  the  distril  ra- 
tion of  the  differences  of  temperature  between  two  cylinders.  The 
radiation  to  and  from  the  steam  and  its  inclosing  walls  increases  more 
rapidly  than  the  difference  in  temperature,  so  that  the  aggregate  loss, 
when  the  difference  of  temperature  is  divided  between  two  cylinders,  is 
less  than  when  it  all  occurs  in  a  single  cylinder.*  Moreover,  the  heat  im- 
parted to  the  exhaust  steam  by  the  metal  of  the  first  cylinder  is  available 
for  work  in  the  second,  and  the  low-pressure  piston  acts  as  a  screen  be- 
tween the  high  temperature  in  the  small  cylinder  and  the  low  tempera- 
ture in  the  condenser. 

It  is  still  strenuously  denied  by  many  that  greater  economy  can  be 
secured  with  a  compound  engine  than  with  a  long-stroke  single  engine, 
using  the  same  steam  pressure.  There  are  coasting  steamers  of  similar 
size  running  regularly  in  the  United  States  using  both  types  of  engine, 
with,  it  is  claimed,  substantially  the  same  results  ;  but  the  boilers  for  the 
single  engines  are  evidently  the  more  economical,  making  an  accurate 
comparison  impossible.  Strictly  comparative  experiments  have,  how- 
i  ver,  been  made  by  Chief  Engineer  C.  H.  Loring.  U.  S.  X.,  and  the 
writer  with  engines  of  different  kinds  in  the  steamers  of  the  United  States 
Revenue  Marine,  and  by  the  writer  with  some  of  those  of  the  United 
States  Coast  Survey. f 

The  revenue  steamers  were  of  the  same  size  and  the  boilers  very  nearly 
identical.  In  one  steamer  was  a  compound  engine  with  steam-jacketed 
cylinders  ;  in  another,  a  long-stroke,  high-pressure  condensing  engine 
(cylinder  not  jacketed) ;  in  another  an  ordinary  low-pressure  engine  (cylin- 
der not  jacketed);  and  in  still  another,  a  high-pressure  condensing  en- 
gine with  a  jacketed  cylinder.  The  compound  engine  showed  a  saving 
of  12  to  16  per  cent,  compared  with  the  best  performance  of  either  single 

*  See  article  by  the  writer  in  American  Artizan,  March  8,  1871. 

t  See  artic'e  by  the  writer  on  "  Compound  and  Non-Compound  Engines,"  Transactions 
1,1  Serif  t<i  of  Civil  Engineers,  vol.  Hi,  p.  68,  1875  :  Journal  of  the  Franklin  Institute,  Feb- 
ruary and  March,  1875  ;  Engineering  (London),  January,  February  and  March,  1875  ;  Proceed- 
ings of  Institution  of  Civil  Engineers  (British),  vol.  xl.,  p.  292,  an  1  vol.  xli,  p.  29(>:  also  Report 
of  trial  of  United  States  Revenue  steamer  Gallatin,  Journal  of  the  Franklin  Institute,  February, 
1876,  and  vol.  xxi.,  Engineering,  1876. 
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engine  when  operated  at  the  same  steam  pressure.  It  is  believed  that 
substantially  the  same  differences  -will  be  found  in  all  cases  when  equally 
good  engines  of  both  types  are  compared.  The  performance  of  a  short- 
stroke  compound  engine  may  be  equalled  or  even  excelled  by  that  of  a 
long-stroke  single  engine,  on  account  simply  of  the  difference  in  clear- 
ance spaces  and  the  superior  efficiency  of  the  steam-jacket  in  the  latter 
case,  but  by  making  the  compound  cylinders  in  the  same  form  they 
should  still  show  an  advantage.  In  practice,  the  economy  of  marine 
compound  engines  is  greater  than  above  mentioned,  for  the  reason  that 
the  high  steam  pressure  is  better  maintained  with  them  by  the  engineers, 
than  when  single  cylinders  are  used  with  high  rates  of  expansion,  caus- 
ing difficulties  in  management. 

The  following  table  shows,  in  hue  1  the  performance  of  one  of  the- 
Leavitt  compound  beam  pumping-engines,  at  Lawrence,  Massachusetts, 
and  in  line  2  that  of  the  engines  of  the  Rush,  one  of  the  revenue  steam- 
ers previously  referred  to  : 
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The  comparison  is  very  interesting.  In  both  engines  the  larger  cyl- 
inders are  of  the  same  diameter,  but  the  difference  in  the  duty  for  which 
the  engines  were  designed  required  great  differences  in  other  proportions 
and  in  all  the  details  of  construction.  In  the  pumping-engine  for  use  on 
land  there  were  no  restrictions  as  to  weight  and  space,  so  a  comparatively 
long  stroke  could  be  employed  and  the  connections  made  through  a 
beam.  The  marine  engine  had,  hoAvever,  to  be  located  in  a  small  A'essel, 
and  was  therefore  directly  connected  and  proportioned  accordingly. 
Yet  the  long-stroke  engine  was  run  with  so  much  expansion  and  at  so 
slow  a  speed  as  to  develop  less  power  than  the  smaller  one,  and  the  latter 
was  less  economical,  on  account  of  the  lower  steam  pressure  and  rate  of 
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expansion  and  the  relatively  greater  proportion  of  waste  room  in  the  cyl- 
inder, incident  to  the  necessary  use  of  ordinary  slide-valves.  The  engine 
of  the  Rush  was,  however,  more  economical  than  the  ordinary  stationary 
compound  engines  used  for  manufacturing  purposes,  as  the  latter,  accord- 
ing to  published  reports  in  the  engineering  journals,  require  the  evapor- 
ation of  not  less  than  20  pounds  of  water  for  each  indicated  horse-power. 
The  Lawrence  engine  contains  all  well  known  means  for  securing  maxi- 
mum economy  of  steam,  and  it  is  probable  that  few  if  any  engines  are 
working  with  greater  economy  in  respect  to  the  indicated  power.  The 
performance  is,  however,  much  below  that  given  by  calculation  when  all 
the  conditions  are  taken  into  consideration,  other  than  the  slight  distor- 
tion of  the  theoretical  indicator  diagram  found  in  practice  and  the  im- 
portant loss  due  to  cylinder  condensation. 

In  an  engine  using  a  total  pressure  of  (90  -f  14.7  =)  104.7  pounds,  ex- 
panded 13.5  times  in  a  cylinder,  with  clearances,  etc.,  equal  to  .02  of  the 
displacement,  the  calculated  cost  of  one  horse-power  per  hour,  or  1  980- 
€00  f oot-pounds,  should  be  only  8. 12  pounds  of  water  evaporated  from 
the  initial  pressure,  on  the  basis  that  the  curve  of  expansion  is  hyper- 
bolic, and  that  the  consumption  of  steam  equals  the  volume  at  the 
initial  pressure,  required  to  fill  the  cylinder  to  the  point  of  suppres- 
sion, plus  that  condensed  for  the  total  work.  With  a  pressure  of  100 
pounds  above  the  atmosphere,  and  an  expansion  of  20  times,  there 
should  be  required  on  same  basis  the  evaporation  of  only  6.00  pounds  of 
water  per  indicated  horse-power  per  hour.  It  is  probable  that  the  prac- 
tical results  obtained  with  the  latter  pressure  and  expansion  would  be 
little  or  no  better  than  those  from  the  Lawrence  engine,  on  account  of 
the  greater  cylinder  condensation  due  to  the  increased  expansion. 

The  above  calculated  performances,  and  the  practical  results  obtained 
with  engines  and  other  steam  machinery  of  various  kinds,  is  shown  in 
the  accompanying  table,  in  connection  with  the  relative  efficiencies  ob- 
tained by  considering  the  heat -units  in  the  steam  and  the  calorific  value  of 
the  fuel.  The  table  and  a  portion  of  the  above  are  from  the  report  pre- 
viously mentioned,  and  the  references  are  to  pages  therein. 
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Description. 


Calculated  performance. 

Maximum 

Calculated  performance  (see 
page  12u)** 

Calculated  performance 

Lawrence  compound  beam 
pumping-engines 

U.  8.  Revenue  steamer  Rush,* 
compound  engine 

U.  S.  Revenue  steamer  Galla- 
tin.* vertical  cylinder  with 
steam-jacket 

U.  S.  Revenue  steamer  Dex- 
ter,* vertical  cylinder  with- 
out steam-jacket 

TJ.  S.  Revenue  steamer  Dal- 
las,* vertical  cylinder  with- 
out steam-jacket 

U.  S.  steamer  Mackinaw, t  in- 
clined cylinder  without  jacket 

U.  S.  steamer  Mackinaw,  steam 
superheated 

Non-condensing  engine,  with 
governor  cut  off,T  (st.  jacket) 

Non-condensing  engines,  regu- 
lated by  throttle 


Comparative  Results  on  Basis  that  10,000 
Heat-Units  are  imparted  to  Water  per 
Pound  of  Coal.  See  pages  21  and  115  ** 
Calculations  based  ou  a  Temperature 
of  Feed  of  1003. 
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13  Pumping-engines 

14  Steam-pumps.     Large  size  proportioned  for  the  work  to  be  done 

15  Steam-pumps.     Small  sizes  for  ordinary  uses.     See  page  22** 

16  Vacuum-pumps.    See  page  21,**  also  page  61  herein 

17  Injectors  when  used  for  lifting  water  not  required  to  be  heated.     See  page  96*" 


30  to  110 

15  to  30 

8  to  15 

3  to  10 

2  to  5 


*  See  references  in  foot-note,  page  119,**  alsot,  page  64  herein. 

t  See  vol.  ii.  Isherwood's  Experimental  Researches  in  Steam  Engineering,  pp.  77-116. 
t  American  Institute  Reports,  1869-70,  1870-71. 

**  General  Report  of  the  Judges  of  Group  XX,  Philadelphia  Int.  Exhibition.     Lippincott  &  Co. 
Philadelphia. 
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THE  INCLINE  PLANE  RAILROAD  AT  MADISON,  IND. 

ITS  HISTORY  AND  OPERATION. 


M.  J.  Becker,  C.E.,  Member  of  the  Society. 


The  history  of  the  Incline  Plane  Railroad  at  Madison,  Indiana,  the 
changes  in  the  methods  of  its  operation,  and  the  information  which  may 
be  drawn  from  the  experience  of  its  working  during  a  period  of  more 
than  thirty  years  seem  to  present  matter  of  considerable  interest  to  en- 
gineers. I  have  been  able  to  secure  the  following  account,  which  has 
been  mainly  collected  by  Mr.  R.  Wells,  Master  Mechanic  of  the  Jeffer- 
sonville,  Madison  and  Indianapolis  Railroad,  and  which  contains  all  the 
reliable  information  it  has  been  practicable  to  gather  on  the  subject. 

The  Incline  Plane  at  Madison  was  constructed  under  the  supervision 
of  Thomas  Morris,  as  Chief  Engineer,  and  was  part  of  the  main  line  of 
road  between  Madison  and  Indianapolis.  The  time  when  the  Plane  was 
first  opened  for  traffic  has  not  been  ascertained,  but  business  on  it  was 
carried  on  by  using  horses  to  draw  the  cars  up  until  the  fall  of  the  year 
1847. 

The  foot  of  the  incline  plane  is  3620  feet  from  the  depot  in  Madison 
(the  terminus  of  the  road).  This  track,  from  the  depot  to  the  foot  of  the 
incline  has  a  grade  averaging  1  in  110,  and  for  about  800  feet  next  the 
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foot  of  the  incline  is  on  a  curve  of  about  1000  feet  radius.  The  incline 
is  7040  feet  long,  and  the  grade  averages  1  in  17,  hut  for  about  half  the 
distance  is  1  in  16.5,  and  at  two  places  is  a  little  heavier  than  that  from 
the  settling  of  the  embankment.  The  track  was  originally  straight,  but 
owing  to  the  sliding  of  the  embankment  at  a  point  near  the  centre  of  the 
incline,  it  was  slightly  curved  at  that  place.  The  gauge  of  the  track  was 
originally  the  same  as  it  is  now,  4  feet  8J  inches.  In  the  year  1845, 
M.  AY.  Baldwin,  of  Philadelphia,  built  a  locomotive  called  the  De  Witt 
Clinton,  having  six  coupled  driving  wheels  42  inches  in  diameter  and 
cylinders  13  X  20  inches,  for  working  this  incline  ;  but  as  the  engine 
could  draw  but  two  cars  up  at  a  time,  depending  on  its  weight  on  the 
rails  for  adhesion,  it  did  not  prove  satisfactory,  and  as  stated  before, 
horses  were  used  to  draw  the  cars  up  the  incline  until  the  year  1847. 
About  the  year  1845,  an  old  gentleman  named  Hoyt,  who  lived  near 
Dupont,  on  the  line  of  the  road,  fourteen  miles  from  Madison,  conceived 
the  idea  of  laying  a  cast  iron  rack  on  the  outside  of  the  rails  of  the  track, 
and  level  with  the  top  of  the  rails,  to  be  laid  on  steep  inclines  such  as 
this,  and  a  wheel,  or  segments  with  cogs  corresponding  to  those  in  the 
rack  was  to  lie  attached  to  the  outside  of  one  of  the  driving  wheels  so 
that  when  the  locomotive  came  to  the  part  of  the  line  where  the  rack 
was  laid,  the  cogs  on  the  one  would  work  into  those  of  the  other,  pre- 
senting slippage,  the  tire  of  the  wheel  at  the  same  time  carrying  its 
weight  the  same  as  other  places.  To  obtain  the  requisite  power  to 
ascend  inclines,  Hoyt  proposed  to  have  a  pinion  wheel  arranged  so  as  to 
gear  into  the  wheel  attached  to  the  driving  wheel,  driving  the  pinion  by 
a  cylinder  and  crank  which,  when  not  needed,  was  to  be  thrown  out  of 
gear.  Hoyt  had  a  rough  model  of  his  plan  and  explained  it  to  the 
officials  of  the  road  in  the  various  interviews  he  had  with  them  from  time 
to  time,  and  among  others,  to  Mr.  A.  Cathcart,  who  had  charge  of  the- 
machinery  of  the  road  at  that  time.  It  seems  that  Hoyt's  plan  Avas  not 
considered  practicable,  and  he  met  with  but  little  encouragement,  but 
Cathcart,  soon  after,  perfected  his  own  plan  which  he  carried  out  and 
put  in  practice  in  the  fall  of  the  year  1847.  He  evidently  was  indebted 
to  Hoyt  for  the  original  plan.  Yet  he  used  but  little  of  Hoyt's  plan,  ex- 
cept a  rack  and  a  wheel  to  work  in  it.  As  a  settlement  for  any  claims 
that  Hoyt  might  have  to  any  part  of  Cathcart's  arrangement,  the  latter 
paid  the  former  $1000  to  relinquish  all  claims  he  might  have  in  the  in- 
vention used. 
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Fig.  I.  Hoyt's  Plan, 


Hoyt's  plan  is  represented  in  Fig.  1.  It  is  a  copy  of  his  original 
sketch. 

Catbcart's  plan  is  represented  in  Fig.  2.  His  locomotive  had  eight 
driving  wheels  coupled  in  the  usual  manner,  42  inches  in  diameter,  and 
a  pair  of  inclined  cylinders  16  inches  diameter  and  20  inches  stroke  at- 
tached to  the  side  of  the  smoke  box,  as  shown  in  the  sketch.  In  addition 
to  this  the  engine  had  a  pair  of  vertical  cylinders  15  inches  diameter  and 
18  inches  stroke,  shown  at  B,  Fig  2.  These  cylinders  were  attached  to 
a  shaft  held  in  place  by  a  frame  connected  with  the  vertical  cylinders, 
and  also  the  frame  of  the  locomotive.  On  the  centre  of  this  shaft  was  a 
pinion  1G  inches  in  diameter,  shown  at  C,  gearing  into  another  pinion 
shown  at  D,  which,  when  in  use,  geared  into  the  rack  laid  in  the  centre 
of  the  track  as  shown  at  E  and  F,  Fig.  2.  This  pinion,  D,  was  32  inches 
in  diameter,  and  was  movable  vertically  in  curved  jaws,  the  radius  of 
this  curvature  being  the  distance  from  the  centre  of  the  pinion  C  to  that 
of  the  pinion  D.  For  the  purpose  of  raising  the  pinion  D  out  of  the 
rack  when  not  in  use,  and  also  for  holding  it  down  in  place  to  prevent  it 
from  slipping  out  of  gear  while  at  work,  a  cylinder  of  8  inches  in  diam- 
eter and  12  inches  stroke,  shown  at  G,  Fig.  2,  was  used  by  means  of  an 
L  crank  and  suitable  rods  and  connections,  the  force  of  the  steam  on  one 
side  of  the  piston  holding  the  pinion  down  in  place,  and  when  changed 
to  the  other  side  raising  it  up  out  of  gear  where  it  was  held  by  a  pawl 
until  it  was  to  be  lowered  again  for  use.  The  cogs  were  I  inches  pitch 
and  8  inches  face  on  the  rack,  and  8  inches  face  on  the  pinion  wheel. 
The  top  of  the  cogs  in  the  rack  was  6  inches  above  the  top  of  the  rails  of 
the  track.  This  rack  was  made  in  sections  of  about  3  feet  in  length.  It 
was  8  inches  wide  at  the  bottom,  where  it  rested  on  the  timber,  as  shown 
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by  Fig.  3,  there  being  a  flange  on  each  side  of  1  inch  on  which  the  bead 
of  the  spikes  rested  that  held  the  track  down  to  the  timber  on  which  it 
was  laid.  These  flanges  were  notched  at  proper  intervals  of  i  inch  deep 
for  the  spikes,  as  shown  at  JR,  and  there  were  also  projections,  S  S,  on 
the  bottom  which  were  let  into  the  timber  to  prevent  their  being  moved 
out  of  place.  The  timbers  upon  which  the  rack  rested  were  6  inches 
deep  by  12  inches  wide,  laid  on  the  cross-ties  in  the  centre  of  the  track, 
the  ties  being  notched  about  half  an  inch  deep  to  receive  them,  as  shown 
in  Fig.  3,  at  T.  The  rack  was  made  from  cold  blast  iron  (cast).  The 
cogs  were  not  chilled.  The  pinion  wheels  on  the  locomotive  were  made 
of  cold  blast  iron,  and  made  in  chills  so  as  to  chill  the  cogs  to  prevent 
wear  as  far  as  possible. 


FlG.3 


This  arrangement,  known  as  Cathcart's  plan,  was  complete  and  put  in 
operation  in  the  fall  of  the  year  1847.  and  was  continued  in  use  until 
July,  1868,  giving  general  satisfaction.  The  heavy  business  of  the  road 
from  1849  to  1854,  and  the  hghter  business  afterwards,  was  all  done  on 
this  plan  with  the  two  locomotives  of  the  Cathcart  plan,  although  the 
speed  at  which  trains  could  be  taken  up  and  freight  cars  taken  down 
was  comparatively  slow  ;  twenty  minutes  for  passenger  trains  and  twenty- 
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five  minutes  for  freight  trains  was  about  the  time  occupied  in  ascending 
the  incline  of  7  000  feet  with  full  trains,  and  the  expense  in  maintenance 
of  the  rack  and  locomotive  was  heavy.  The  breakage  of  castings  of  the 
rack  and  the  wearing  out  of  pinion  wheels  of  the  locomotive,  and  cost  of 
keeping  up  its  complicated  parts,  the  decay  and  removal  of  timber  under 
the  rack  were  all  sources  of  trouble  and  expense,  amounting  to  nearly 
the  same  whether  heavy  or  light  trains  were  drawn,  and  amounting  to 
more  than  the  business  of  the  road  would  warrant  in  the  last  two  or 
three  years  that  arrangement  was  used.  Owing  to  the  expense  of  oper- 
ating the  incline,  and  the  slow  speed  at  which  only  it  could  be  worked 
-on  this  plan,  it  was  determined  to  try  the  adhesion  plan,  by  the  use  of 
very  heavy  and  powerful  locomotives,  depending  alone  on  the  weight  of 
the  wheels  on  the  rails  for  their  adhesion.  Consequently  one  was  built 
in  the  company's  shop  of  a  pattern  represented  in  Fig.  4,  and  put  in 
service  in  July,  1868,  since  which  time  the  Cathcart  plan  has  been 
abandoned,  and  the  plane  worked  entirely  on  the  adhesion  plan, 
which  has  been  found  to  be  much  cheaper,  quicker,  and  equally  as  safe, 
and  more  reliable.  The  principal  dimensions  of  the  locomotive,  repre- 
sented in  Fig.  4,  are  as  follows  :  Cylinder  20J  inches  diameter,  24  inches 
stroke  ;  driving  wheels  (five  pairs),  42  inches  diameter  ;  boiler,  56  inches 
diameter,  fa  thick,  201  two-inch  tubes  12  feet  long  ;  fire-box,  5  feet  3 
inches  long,  5  feet  8  inches  deep,  4  feet  wide  at  top  and  3  feet  at  grate, 
has  116  square  feet  fire-box  heating  surface,  and  1  262  feet  of  tube  sur- 
face. It  is  what  is  commonly  called  a  tank  locomotive,  carrying  wood 
(which  is  used  for  fuel)  and  water  all  on  the  five  pairs  of  coupled  wheels. 
The  water  is  carried  in  two  long  cylinders  (one  on  each  side),  shown  at 
H  H,  connected  to  a  centre  water  tank  at  the  back,  //.  These  cylinders 
are  flattened  on  the  side  next  the  boiler,  as  shown  in  the  end  view  at  J, 
but  are  the  full  circle  back  of  the  boiler.  The  two  and  the  centre  tank 
at  the  back  end  hold  1  800  gallons  of  water.  The  total  weight  of  the 
locomotive,  with  fuel  and  water,  is  112  000  pounds.  A  steam  brake  is 
situated  at  K,  by  which  one-third  of  the  weight  of  the  locomotive  can 
be  made  to  rest  on  slides  or  runners  forced  down  on  the  rails  ;  friction 
brakes  are  also  attached  to  the  drivers,  and  applied  by  means  of  a  screw 
sufficiently  powerful  to  hold  the  locomotive  on  the  incline,  but  are  not 
used  in  ordinary  service. 

All  freight  trains  are  let  down  the  incline  by  the  locomotive  using 
■compression  in  the  cylinders  as  a  means  of  retarding  power.     For  in- 
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.stance,  when  backing  down  the  incline  the  valves  of  the  cylinders  are 
moved  by  the  forward  motion  which  if  there  was  no  leakage  of  the 
pistons  would  either  force  air  into  the  boiler  or  cause  the  wheels  to  stop 
turning  in  that  direction.  But  to  regulate  the  compression  so  as  to  give 
the  required  retarding  force,  the  two  ends  of  the  cylinders  are  connected 
by  a  1-inch  pipe,  in  which  is  a  sliding  valve  closing  and  opening  to  the 
desired  size,  permitting  the  corupi'essed  air  on  that  side  of  the  piston  to 
flow  through  to  the  opposite  side  of  it,  and  being  regulated  for  both 
cylinders  by  one  lever  and  to  any  speed  descending  to  ten  miles  per 
hour. 

The  loads  drawn  up  the  incline  and  the  time  required  may  be  ex- 
plained by  the  record  of  one  of  the  number  of  trips  made  April  9th  and 
10th,  1875,  to  test  the  quantity  of  fuel  used,  adhesion  to  rails,  etc.  : 

Trip  No.  1  was  made  on  a  dry  day,  temperature  of  the  atmosphere 
7CP  Fah.     The  load  was  eight  cars  loaded  with  coal. 

Weight  of  cars  and  coal 308  360  lbs. 

"  locomotive 112  000    " 

Total 420  3G0    " 

Speed  at  foot  of  incline,  2  miles  per  hour. 
Time  of  leaving  foot  of  incline — 

At  3.40  p.  m.  ;  steam  pressure  in  boiler,  140  lbs. 
"   3.45     "  "  "  "       140    " 

"    3.50     "  "  "  •'       143    " 

"    3.52     "  "  "  "        140    " 

Arrived  at  top  of  incline  at  3.53  p.  M.  ;  steam  pressure  in  boiler,  130 
lbs. 

Distance  run,  7  040  feet.  Time,  13  rnhrutes.  Fuel  used,  /v  of  one 
cord  of  dry  beech  wood.  No  sand  was  used,  and  no  slippage  of  the 
drivers  occurred.  The  speed  averaged  6  miles  per  hour.  Trip  No.  4 
was  made  with  two  passenger  cars,  weighing  88  000  lbs.  Locomotive, 
112  000.  Total,  200,000  lbs.  Speed  when  going  on  the  foot  of  the 
incline,  G  miles  per  hour.  Time  running  the  7  040  feet,  5£  minutes=14j 
miles  per  hour.  Steam  pressure  in  boiler,  132  pounds.  Fuel  consumed, 
i\,  of  a  cord  of  dry  beech  wood.  No  slippage  of  the  drivers  at  any 
time,  and  no  sand  was  used.  The  trip  was  made  at  7.35  m  the  morning. 
No  difficulty  has  been  experienced  at  any  time  in  working  this  incline 
for  want  of  adhesion,  either  in  winter  or  summer,  dry  or  wet  weather, 
and  this  plan  has  proved  much  more  satisfactory  than  the  one  previously 
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used,  and  no  accident  to  the  locomotive  has  ever  happened  while  ascend- 
ing or  descending  that  in  the  least  interfered  with  safety. 

It  may  not  be  without  interest  to  the  parties  desiring  information  on 
this  subject  to  know  that  a  patent  was  granted  to  one  Emor  Rimber,  of 
Rimberton,  Chester  County,  Pa.,  March  5th,  in  the  year  1831,  the 
original  papers  coming  into  my  hands  while  making  inquiry  on  this 
subject. 

The  paper  is  signed  by  Andrew  Jackson,  who  was  President  of  the 
United  States  at  that  time,  and  Martin  Van  Buren  (afterwards  President), 
Secretary  of  State. 

The  sketch  shown  at  Fig.  5  will  explain  Rimber's  plan,  and  is  a 
reduced  copy  of  the  original  accompanying  the  patent  documents. 

As  will  be  seen,  Riniber  proposed  the  use  of  a  rack  and  pinion  in  the 
centre  of  the  track,  carrying  the  driving  wheels  of  the  locomotive  (one 
pair  of  them)  on  a  pair  of  smaller  wheels  of  a  diameter  corresponding  to 
that  of  the  pinion  wheel  in  the  centre.  The  track  upon  which  these 
small  wheels  run  was  elevated  sufficiently  to  raise  the  driving  wheels 
clear  of  the  track,  permitting  them  to  turn  in  conformity  to  the  smaller 
Avheels  and  the  pinion  wheel  working  in  the  rack,  the  power  being 
applied  by  the  cylinders  and  crank  on  the  outside  of  the  driving  wheels, 
as  when  running  on  an  ordinary  track.  A  "drag"  was  proposed  to 
follow  along  the  rack,  so  as  to  prevent  running  down  the  grade  in  ease 
of  accident  to  the  machinery  in  ascending  the  incline,  as  shown  in  the 
sketch.     As  far  as  I  can  learn,  Rimber's  plan  was  never  put  in  operation. 
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MINUTES    OF    MEETINGS. 

(Abstract  of  such  as  may  be  of  general  interest  to  members.) 


OF  THE  SOCIETY. 

April  3d,  1878.— The  Society  met  at  8  p.  M.,  Vice-President  Roberts- 
in  the  Chair.  The  Secretary  reported  that  there  had  been  an  attendance 
of  members  at  the  rooms  on  each  Thursday  evening  while  they  had 
been  open,  and  it  was  resolved  that  the  Library  and  Conversation  Eoom 
should  be  kept  open  for  the  present  and  until  further  action  on  each 
Thursday  evening  from  7$  to  10  o'clock. 

Mr.  E.  P.  North,  on  behalf  of  the  Committee  on  Exhibit  at  Paris, 
reported  progress  in  the  collection  of  material  for  such  exhibit. 

The  ballot  upon  the  adoption  of  the  following  memorial  was  can- 
vassed : — 

To  the  Honorable  the  Senate  and  House  of  Representatives  of  the  United  States  in  Congress 
assembled  : 

The  American  Society  of  Civil  Engineers  respectfully  represents  to  your  honorable  bodies, 
that  the  triangulation  of  the  United  States  Coast  Survey,  wherever  it  extends,  affords  a  con- 
venient and  accurate  basis  for  the  location  of  roads,  railroads  and  public  works  of  all  kinds,  as 
well  as  for  topographical  and  other  surveys  ;  a  basis  which  for  precision  and  completeness  is 
otherwise  practically  unattainable. 

And  the  said  Society,  according  their  hearty  approval  of  the  United  States  laws,  whereby 
the  Coast  Survey  Department  is  authorized  to  extend  its  triangulations  over  States  where 
scientific  surveys  are  ordered  by  the  State  Legislatures,  respectfully  petitions  your  honorable 
bodies  to  make  the  necessary  appropriations  for  continuing  such  triangulations  as  may  be 
called  for  under  the  said  laws,  whereby  thf-  valuable  work  of  the  Coast  Survey  may  be  more 
fully  utilized,  to  the  great  advantage  of  all  portions  of  the  country. 

Upon  this  there  were  : — 

For  adoption,  73  votes  ;  against  adoption,  66  votes.  The  memorial 
was  thereupon  declared  adopted. 

On  motion,  it  was  ordered  that  two  copies  of  the  memorial  be 
engrossed,  signed  by  the  President  and  Secretary,  and  forwarded,  one 
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to  the  Senate  and  one   to  the  House  of  Representatives  of  the  United 
States  Congress. 

The  ballot  upon  admission  to  membership  was  canvassed,  and  the 
following  were  declared  elected  : — 

As  Members,  O.  L.  Glover,  of  Lima,  Peru,  and  Alfred  Noble,  of 
Detroit,  Mich,  (elected  Junior  February  10,  1875)  ;  as  Junior,  Edmund 
Hayes  of  Buffalo,  N.  Y. 

A  paper  by  Julius  H.  Striedinger,  entitled  "The  Law  of  Tidal  Cur- 
rents  in  River  Harbors,"  suggested  by  the  paper  on  Improvements  in 
Boston  Harbor,  was  read  by  the  author,  and  the  subject  discussed  by 
Messrs.  Collingwood,  Haswell,  W.  J.  McAlpine,  and  Roberts. 

Mr.  Bogart  read  from  advance  sheet  of  the  Transactions  of  the  Insti- 
tution of  Civil  Engineers  an  account  of  the  plan  and  construction  of 
the  Hooghly  floating  bridge  in  India. 

April  17th,  1878. — The  Society  met  at  8  p.  m„  Vice-President 
Roberts  in  the  Chair. 

A  paper  by  M.  J.  Becker,  entitled  "  The  Construction,  Machinery 
and  Operation  of  the  Incline  Plane  Railroad  at  Madison,  Ind.,"  was 
read  by  the  Secretary.  The  subject  was  discussed  and  illustrated  by 
Messrs.  Chanute,  Forney,  William  J.  McAlpine,  Roberts,  Yardley  and 
others. 

The  Society  then  adjourned,  and  on  invitation,  through  Mr.  William 
J.  McAlpine,  proceeded  to  the  rooms  of  Mr.  Johnson,  who  exhibited  to 
the  Society  the  construction  and  operation  of  the  Edison  speaking 
phonograph. 


OF  THE  BOARD  OF  DIRECTION". 

Apkil   3d,    1878. — Applications    for  membership    were    considered. 
Appropriations  were  made.     Questions  of  copyright  were  considered. 


NOTES    AND     MEMORANDA. 


United    States    Board    to    Test    Iron,  "  Whereas,  in  1872,  a  committee  of  members 

Steel  and  other  Metals. — Tbe  attention  of  of  the  American  Society  of  Civil  Engineers  was 

members  of  the  Society  is  called  to  the   fol-  appointed  to  take  into  account  and  to  ascertain 

lowing  resolutions  which    were    adopted  at  the  best  way  of  establishing  a  Board  for  the 

the  last  annual  convention,.     The  Committee  testing  of  such  metals  and  alloys  as  form  parts 

of  the  Society  upon  the  same  subject  urges  of  the  structures  and  machines  required  for 

upon  all  interested  in  the   important  work  use  by  the  citizens  of  this  country  ;  and 

undertaken  by  this  Board  the  fact  that  action  "Whereas,   under    this    appointment,    the 

in  accordance  with  these  resolutions  must  be  committee  proceeded  in  its  labors  so  far  as  to 

taken  at  once  to  be  of  any  avail.    The  Board  obtain  favorable  action  from  the  Congress  of 

must  soon  pass  out  of  existence,  unless  fur-  the  United  States,  by  a  law  authorizing  the 

ther  legislation  is  had.  creation  of  a  Board  for  the  purpose  of  making 

Resolutions  adopted  at  the  9th  Annual  Con-  such  tests,  and  appropriating  money  to  be 

-vention  of  the  American  Society  of  Civil  En-  expended  therefor  as  well  as  in  purchase  of 

gineers  :  suitable  machinery  ;  and 
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"Whereas,  at  a  late  session  of  Congress  a 
law  was  passed,  whereby  said  Board  would 
cease  to  exist  upon  the  expenditure  of  the 
money  then  appropriated  ;  be  it 

"  Resolved,  that  this  Society  deems  the  tests 
proposed  to  be  made,  to  be  of  national  impor- 
tance, and  therefore  asks  that  so  much  of  the 
Sundry  Civil  Appropriation  Bill,  passed  by 
Congress,  as  provides  that  the  Board  to  test 
iron,  steel  aud  other  metals,  shall  be  discon- 
tinued when  the  money  appropriated  for  its 
use  shall  have  been  expended,  be  repealed  ; 
that  the  unexpended  balance  to  the  credit  of 
the  Board  be  re -appropriated,  and  that  such 
further  appropriation  made  be  for  the  use 
of  the  Board  as  may  be  needed  to  complete 


the  investigations  undertaken — the  sum  re- 
quired for  the  coming  year  being  $40,000. 

"  Resolved,  that  each  member  of  this  So- 
ciety be  urged  to  use  such  influence  as  he 
may  possess,  to  obtain  favorable  and  imme- 
diate action  by  the  Congress  of  the  United 
States  in  furtherance  of  the  objects  here 
prayed  for. 

"Resolved,  that  the  above  resolutions  be 
printed,  and  several  copies  furnished  to  each 
member  of  this  Society,  to  be  used  by  him  in 
promoting  the  object  sought ;  and  that  re- 
ports of  their  action  in  the  matter  be  made 
by  each  to  the  Secretary,  giving  names  of  rep- 
resentatives in  Congress  who  have  been  ad- 
dressed or  seen  on  the  subject." 


NOTES    OF    MEETINGS. 


A  portfolio  of  a  number  of  the  original 
drawings  of  the  first  construction  of  the 
Philadelphia  &  Reading  Railroad  was  some- 
time since  presented  to  the  Society  by  Mr. 
Moncure  Robinson,  Honorary  Member  of  the 
Society.*  Extracts  from  the  letter  of  Mr. 
Robinson  sent  with  the  portfolio,  from  the 
pamphlets  which  accompanied  it  and  from 
the  remarks  made  by  W.  Milnor  Roberts,  at 
the  time  of  the  presentation  are  appended. 

From  the  letter  of  Mr.  Moncure  Robinson 
to  Vice-President  Koberts  : 

,<  *  *  *  I  am  gratified  to  learn  that  you 
and  Mr.  Bogart  think  the  plans  of  works  on 
the  Philadelphia  &  Reading  Railroad  will  be 
interesting  to  many  of  our  members,  and  I 
will  take  great  pleasure  in  forwarding  them. 
I  will  enclose  with  them  a  short  report  made 
to  the  Board  of  Directors  in  December,  1839, 
after  the  first  trial,  of  the  Go  wan  and  Marx 
and  an  account  by  Mr.  Nicolls,  the  superin- 
tendent of  the  road  of  her  first  regular  per- 
formance in  February,  1840.  I  will  add  to 
them  an  address  by  Professor  R.  E.  Rogers  to 
the  Franklin  Institute  in  1874,  in  the  ap- 
pendix to  which  you  will  find  some  extracts 
from  publications  of  the  period  contemporary 
with  the  Gowan  and  Marx,  showing  the  sen- 
sation made  in  Europe  as  well  as  in  the 
United  States  by  her  performance.  To  this 
was  due  the  invitation  given  Messrs.  Eastwick 
aud  Harrison  to  visit  St.  Petersburg  to  make 
a  contract  for  building  the  locomotives  and 
other  machinery  for  the  St.  Petersburg  & 
Moscow  Railroad,  a  contract  which   Mr.  Har- 

*  See  Proceedings,  Vol.  Ill,  page  13G,  De- 
cember, 1877. 


rison  has  often  said  to  me  was  the  foundation 
of  the  large  fortunes  made  there  by  himself 
and  his  copartners.     *    *    *  " 

From  a  report,  dated  Philadelphia,  Decem- 
ber 10th,  1839,  made  to  the  Directors  of  the 
Philadelphia  &  Reading  Railroad  Company  by 
Messrs.  Moncure  Robinson  and  Wirt  Robin- 
son, Engineers  of  the  Company  : 

"  The  undersigned  are   gratified  in  being 
enabled  to  report  that  the  line   of  railroad 
between  this  city  and  Reading  was  on  Thurs- 
day last  opened  for  transportation.    The  Com- 
pany's engine,  the  Gowan  aud  Marx,  on  that 
day  left  Reading  with  a  train  of  eighty  cars, 
conveying,  with  other  articles, 
1,635  barrels  of  flour, 
73J4'  tons  of  blooms, 
6  tons  of  coal, 
2  hogsheads  of  whiskey, 
60  persons. 
The  weight  of  the  train,  exclusive  of  the 
engine   and  tender,   being  368  tons  and  the 
net  load  conveyed  240  tons. 

The  failure  of  one  of  the  water  pipes  of 
the  engine  arrested  the  train  after  the  lapse 
of  an  hour,  in  which  time  it  had  progressed 
twelve  miles  from  Reading,  and  made  it 
necessary  to  await  the  arrival  of  another 
engine,  the  Delaware.  By  this  engine  the 
whole  train  was  first  pushed  four  miles  to  a 
sideling  at  Pottstowu  and  thence  drawn  on 
twenty-four  miles  to  Norristown. 

The  whole  weight  of  the  Delaware,  includ- 
ing fuel  and  water  is  ten  and  a  quarter  tons, 
and  of  the  Gowan  and  Marx  ten  and  seven- 
tenths  tons. 

It  is  hoped  that  this  performance  of  engines 
of  lighter  dimensions  than  those  now  gene- 
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rally  ordered  for  heavy  transportation  will  sat- 
isfy such  of  the  stockholders  as  have  hitherto 
been  sceptical  that  the  results  anticipated  by 
the  undersigned  will  be  at  least  realized,  and 
that  the  load  of  an  engine  from  the  coal 
mines  to  the  city  will  not  be  less  than  the 
amount  (150  tons)  estimated  in  their  report  of 
September,  1838.  If  this  be  so,  there  can  be 
no  room  for  doubt  that  the  cost  of  transpor- 
tation estimated  in  that  report  (52%  cents  per 
ton),  will  not  be  exceeded.  This  results,  on 
the  lai-gest  estimates  of  the  expenses  of  a 
train,  as  unavoidably,  from  the  amount  of 
the  load  conveyed  as  the  latter  does  from  the 
graduation  of  the  road. 

The  board  will  now  probably  be  better  satis- 
fied than  ever  that  the  plan  of  improvement 
they  have  adopted  was  the  only  proper  one 
for  the  objects  they  had  in  view.  If  instead 
of  a  graduation,  the  worst  case  of  which  is  a 
level,  undulations  not  exceeding  thirty  feet  to 
a  mile  had  been  admitted,  the  load  of  the  en- 
gine would  have  been  but  little  more  than 
oni  -third  of  its  present  load,  and  the  cost  of 
transportation  would  hare  been  increased  in 
nearly  a  corresponding  ratio.  While  the  first 
cost  of  the  road  has  been  somewhat  greater 
on  the  plan  adopted,  the  cost  of  transportation 
has  been  reduced  very  nearly  to  its  minimum. 
The  company  has  thereby  insured  large  pro- 
fits on  articles  which  can  bear  the  customary 
rates  of  railroad  transportation,  and  more  or 
less  profit  ou  every  article  brought  on  their 
improvement,  and  which  can  be  transported 
at  all  in  any  other  way." 

"The  undersigned  have  given  much  atten- 
tion to  the  description  of  engines  most  judi- 
cious for  your  road.  Among  those  in  general 
use  hitherto  some  (the  English  pattern)  pos- 
sessed the  advantage  of  great  adhesion,  but 
without  the  requisite  facility  in  turning 
curves.  Others  with  this  last  advantage  had 
the  weight  of  about  half  the  engine  only  on 
their  driving  wheels,  their  adhesion  not  only 
being  diminished  in  proportion,  but  the 
weight  en  each  driving  wheel  being  still  so 
great  as  rapidly  to  wear  out  the  tires  of  the 
wheels,  and  to  produce  unnecessary  injury  to 
the  rails.  In  addition  to  these  disadvantages 
in  most  of  our  engines  in  ordinary  use,  it  was 
essential  to  the  plan  of  engine  for  our  road 
that  it  should  be  as  well  as  possible  adapted 
to  the  use  of  anthracite  coal,  and  to  slow  mo- 
tion. The  result  of  the  attention  given  by  us 
to  this  subject,  has  so  far  been  most  satisfac- 
tory. The  engine,  the  'Gowan  and  Marx,' 
above  mentioned  as  the  one  used  on  the  occa- 
sion of  the  opening  of  the  road  for  transporta- 
tion, is  geared  for  slow  motion  (having  but 


three  feet  three  inch  driving  wheel),  and  a 
a  velocity  of  from  eight  to  ten  miles  per  hour, 
her  draft  and  generation  of  steam  with  anthra- 
cite coal,  appear  to  us  as  perfect  as  in  any 
locomotive  that  we  know  of.  With  the  advan- 
tage of  a  truck  for  turning  curves,  she  has 
three-fourths  of  her  weight  thrown  ou  four 
instead  of  two  driving  wheels,  giving  her 
thereby  a  large  amount  of  adhesion,  but  with 
the  weight  so  divided  as  to  be  but  little  in- 
jurious to  the  tire  of  the  wheel  or  the  road. 
We  are  not  without  hopes  that,  aided  by  the 
suggestions  of  her  ingenious  builders,  Messrs. 
Eastwick  and  Harrison,  of  this  city,  anil  'mi- 
other  experienced  manufacturers  we  may  be 
enabled  to  attain  the  whole  adhesion  of  the 
engine  without  giving  up  the  guide  truck, 
an  I  to  divide  the  weight  equally  on  all  the 
wheels  of  the  engine  ;  points  essential  to  ob- 
taining at  slow  velocities,  the  maximum  use- 
ful effect  ot  the  engine,  and  to  diminish  the 
wear  and  tear,  both  of  engines  and  the  road. 
In  the  mean  time,  it  will  be  gratifying  to  the 
Board  to  know  that  we  are  in  possession  of 
two  plans  of  engine  for  burning  anthracite 
coal,  that  of  the  Gowan  and  Marx  above 
described,  and  that  adopted  on  the  Baltimore 
and  Ohio  Kailroad,  which  will  realize  all  that 
it  was  ever  expected  their  road  would  perform , 
and  far  transcend  all  that  was  promised  at  its 
commencement,  and  that  any  farther  im- 
provements in  the  plan  of  locomotive  adapted 
to  it,  will  only  add  still  further  to  its  useful 
effect,  and  reduce  still  further  in  the  wear 
and  tear  of  engines  and  the  road;  adding,  of 
course,  iu  a  corresponding  ratio,  to  the  value 
of  the  work."* 

From  a  report  made  by  G.  N.  Nicolls,  Su- 
perintendent Transportation,  P.  and  R.  R.  R., 
dated  Reading.  February  21th,  1S1U  : 

"  Statement  of  the  iierforrnauce  of  the  loco- 
motive engine  Gowan  and  Marx,  built  by 
Messrs.  Eastwick  and  Harrison.  Philadelphia, 
on  the  Philadelphia  and  Reading  Railroad, 
with  a  train  of  one  hundred  and  one  loaded 
cars,  February  20th,  1810. 

"Gross  weight  of  train,  including  cars  and 
freight,  but  not  including  engine  or  tender, 
423  tons  of  2  240  lbs. 

Net  weight  of  freight,  268^  tons  of  2  240 
lbs. 

The  freight  consisted  of— 2  002  barrels  of 
flour,  82  do.  whiskey,  459  kegs  of  nails,  19 
tons  of   bar  iron,   22  hhds,   of  meal,   5   do. 

*  Included  in  this  report  is  an  estimate  for 
an  increased  supply  of  rolling  stock,  which 
gives  as  cost  of  locomotives  $7,500  each  ;  of 
coal  cars  $270  each,  and  of  ordinary  freight 
cars  $250  each. 


whiskey,  4  do.  oil,  and  sundry  other  articles, 
making  a  total  of  268„'2  tons. 

Distance  from  Reading  to  the  foot  of  the 
inclined  plane  on  the  Columbia  Railroad  54 '2' 
miles.  Running  time  of  the  engine  with 
train,  five  hours  thirty-three  minutes;  rate 
9.82  miles  per  hour.  Coal  consumed,  red 
ash,  anthracite,  from  Schuylkill  county, 
5  600  lbs.     Water  evaporated,  2  774  gallons. 

GRADES  OF  ROAD. 

The  total  fall  from  Reading  to  the  point 
where  the  train  was  stopped  near  the  Colum- 
bia Railroad  is  214.5  feet,  being  an  average  fall 
of  3.94  feet  per  mile.  There  is  no  ascending 
grade  from  Reading  to  the  Columbia  Rail- 
road, with  the  exception  of  about  2  100  feet  at 
its  lower  termination,  gi-aded  at  26.4  feet  per 
mile,  upon  which  grade  the  train  was  stopped; 
the  other  grades  vary  from  19  to  15  feet  per 
mile;  there  are  only  three  miles  graded  at  18 
feet  and  one  at  19  feet  per  mile. 

The  total  length  of  dead  level  line  from 
Reading  to  the  Columbia  Railroad  is  27  miles 
and  4  200  feet;  of  this  the  long  st  level  is  9 
miles  an  i  50  >  feet  long,  between  Norristown 
and  the  inclined  plane;  the  others  vary  from 
1  550  feet  to  4  miles  and  1  GOO  feet  in  length. 

State  of  the  Track. 

Owing  to  the  frost  coming  out  of  the  ground 
at  this  season,  the  track  was  in  worse  order 
than  at  any  other  time  of  the  year;  this,  how- 
ever, did  not  materially  affect  theperfonnance 
of  tin-  engine,  as  the  embankments  were  all 
in  nearly  as  good  order  as  at  other  times;  and 
at  comparatively  few  points  in  the  deep  cut, 
was  the  track  sufficiently  out  of  line  or  level 
to  offer  inweased  resistance  to  the  train. 

The  superstructure  of  the  road  consists  of 
a  T  rail,  45  lbs.  to  the  yard,  laid  upon  sills  7 
feet  long  and  7  by  8  inches  square,  3  feet  1'2 
inches  apart  from  centre  to  centre,  and  laid 
on  broken  stone. 

State  of  the  Rails. 
For  the  first  twenty  miles  the  rails  were  in 
very  bad  order,  the  morning  was  cloudy,  and 
a  fog  of  the  previous  night  had  left  sufficient 
moisture  on  the  surface  of  the  rails  to  dimin- 
ish considerably  the  adhesion  of  the  engine; 
for  the  remainder  of  the  distance  the  weather 
was  clear  and  the  rails  in  good  order. 

WORKIXd   OF   THE   ENGINE. 

On  three  different  occasions  the  engine 
started  the  whole  train  on  a  dead  level,  and 
when  on  a  dry  rail,  without  the  wheels  slip- 
ping. 

The  steam  ranged  from  80  lbs.  to  130  lbs. 
per  square  inch,  to  which  latter  pressure  the 
safety  valve  was  screwed  down. 


The  draught  of  the  engine  was  created  by 
the  escape  steam  passing  into,  and  from,  a 
tubed  exhaust  box, — no  other  draft  was  used 
while  running;  at  th.3  water  stations 
"  Reilly's  patent  fan"  was  iised  when  fresh 
coal  was  thrown  on  the  fire,  but  at  no  other 
time. 

The  speed  of  the  train  was  noted  when 
passing  through  some  curves  of  819  feet 
radius  on  the  9  mile  level,  and  found  to  be  9.8 
miles  per  hour:  on  a  straight  line  on  the 
same  level  the  engine  attained  a  speed  of  10.5 
miles  per  hour. 

So  little  was  the  engine  affected  by  her  per- 
formance on  the  20th,  that  on  the  23d  she 
drew,  on  her. return  trip,  88  burden  cars,  9  of 
which  were  loaded,  and  a  locomotive  engine, 
making  a  gross  weight  of  163  tons  of  2  240 
lbs.,  not  including  engine  or  tender,  up  a 
grade  of  18.4  feet  per  mile.  The  train  had  a 
strong  head  wind  against  it  during  the  whole 
trip,  which,  owing  to  its  length,  1  206  feet, 
was  sensibly  felt  at  some  exposed  points  of 
the  road,  and  must  have  proportionably 
affected  the  power  of  the  engine. 

Weight  and  Dimensions  of  the  Engine 
"  Gowan  and  Marx." 

Weight  when  empty  21  640  lbs.  In  running 
order,  with  fuel  and  water,  24  660  lbs.,  on 
four  driving  wheels  in  running  order,  or 
with  water,  fuel,  aud  two  men,  18  260  lbs. 
Cylinders  12-..  by  16  in ;h  stroke;  8  wheels,  4 
of  which  are  driving  wheels,  coupled,  3  feet  4 
inches  diameter  ;  truck  wheels  2  feet  6  inches 
diameter.; 

The  weight  of  the  burden  cars  averaged 
from  1.5  to  1.65  tons,  of  2  240  lbs.  each;  they 
were  all  4  wheeled — wheels  3  feet  diameter, 
and  i  feet  6  inches  apart  from  centre  to 
centre. 

The  above  performance,  of  an  11  ton  engine, 
is  believed  to  exceed  any  on  record  in  this  or 
any  other  country." 

From  the  remarks  made  by  Mr.  Milnor 
Roberts  at  the  time  of  the  presentation  ti 
the  Society  of  the  original  drawings  of  works 
on  the  Reading  Railroad: 

In  regard  to  the  locomotive  "Gowan  and 
Marx,"  to  which  Mr.  Robinson  refers  in  his 
letter,  and  upon  the  performance  of  wThich 
Mr.  Xicolls,  at  that  time  Superintendent  of 
Transportation  on  the  Reading  Railroad, 
made  his  report  in  February,  1840,  allow  me 
to  mention  briefly  some  of  the  principal  fea- 
tures of  the  road,  the  engine  and  its  perform- 
ance. 

I  recollect  very  well  the  sensation  it  created 
at  the  time  both  in  this  country  and  in  Eu- 
rope, as  showing  a  material  advance  in  loco- 
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motive  construction.  Previously,  most  of 
our  locomotives  had  but  two  driving  wheels, 
and  their  normal  power  of  hauling  was  very 
much  less  than  that  exhibited  by  the  Gowan 
and  Marx. 

The  Beading  Railroad  had  been  very  care- 
fully and  judiciously  located  by  Mr.  Robinson, 
its  Chief  Engineer,  so  as  to  present  only  de- 
scending or  level  grades  from  the  coal  re- 
region  to  Philadelphia,  in  the  Schuylkill  val- 
ley. There  is  one  level  of  nine  miles.  The 
aggregate  of  the  levels  between  Heading  and 
Philadelphia  is  27  miles,  being  about  half  of 
the  distance.  The  residue  has  grades  not  ex- 
ceeding 19  feet  per  mile;  the  whole  d  stance, 
54|  miles,  averaging  3.94  feet  per  mile. 

The  real  test  was  tipon  the  9  mile  level, 
where  the  engine  pulled  the  train  through 
some  curves  of  819  feet  radius  at  the  rate  of 
9.8  miles  per  hour:  and  on  a  straight  line 
of  10.5  miles  per  hour. 

•  The  train  conisted  of  101  four-wheeled<:ars, 
which  weighed  154_V  tons,  of  2  240  lbs.  (aver- 
age weight  of  single  car,  1.53  tons}.  The 
freight  weighed  268J  tons,  of  2  240  lbs.  (aver- 
age load  per  car.  2.66  tons).  Total  weight  of 
train,  exclusive  of  engine  and  tender,  423  tons 
of  2  240  lbs.;  being  about  39  times  the  weight 
of  the  locomotive,  which  was  11  tons. 

The  weight  of  the  locomotive,  when  empty, 
21640  lbs.  In  running  order,  with  fuel  and 
water,  24  660  lbs.  Weight  on  the  four  drivers, 
in  running  order,  with  water,  fuel  and  two 
men,  18  260  lbs. 

Cylinders  12-j  inches  by  16  inch  stroke;  8 
wheels,  four  of  which  were  driving  wheels. 
coupled,  3  feet  4  inches  diameter;  truck 
wheels,  1\  feet  diameier. 

The  i  wheeled  cars  had  wheels  3  feet  diam- 
eter, 4  feet  6  inches  apart,  from  centre  to  cen- 
tre. 

Track  laid  with  T  rail,  45  lbs.  per  yard; 
gauge  4  feet  8J  inches. 

The  engine  started  the  whole  train  on  a 
level. 

The  steam  ranged  from  80  lbs.  to  130  lbs. 
The  draft  of  the  fire  was  created  by  the  escape 
steam  passing  into  and  from  a  tubed  exhaust 
box.  "  Reilly's  patent  fan  "  was  used  when 
fresh  coal  was  thrown  on  the  fire,  but  at  no 
other  time. 

The  concluding  remark  of  Mr.  Nicolls  re- 
port is,  "The  above  performance  of  an  11 
ton  engine,  is  believed  to  exceed  any  on  re- 
cord in  this  or  any  other  country."  The  date 
of  this  performance  was  February  24,  1840; 
almost  38  years  ago. 

Many  changes,  and  numerous  improve- 
ments have  been  made  during  these  38  years, 


in  the  construction  and  use  of  American  rail- 
roads, locomotives  and  cars;  and  the  capital 
invested  in  some  of  our  most  important  roads-, 
is,  in  some  cases,  ten,  fifteen,  aud  even  twenty 
times  more  than  it  was  originally,  The  busi- 
ness also  has  been  immensely  augmented: 
though  not  proportionally  with  the  augmented 
ed  capital.  The  weight  of  the  rail  has  been 
increased  about  50  per  cent.,  the  weight  of  the 
empty  car,  upon  i  wheels,  instead  of  being 
only  :;  360  lbs.,  is  at  least  two  and  a-half  times 
as  much,  or,  say  8  400  lbs.,  while  the  freight 
now  carried  is  little  more  than  the  weight  of 
the  car,  whilst  in  1840,  the  car  carried  one 
and  three-fourths  times  its  weight.  At  the 
present  day,  if  the  passenger  cars  and  sleep- 
ers, and  cattle  cars  are  taken  into  the  account, 
he  roads  actually  carry  little,  if  any,  more 
than  the  weight  of  the  cars. 

Locomotives  weighing  four  times  as  much 
as  the  Gowan  and  Marx,  cauuot  pull  four 
times  the  amount  of  gross  load  pulled  by  that 
engine;  much  less  can  they  transport  four 
times  her  net  load  of  freight. 

Allowing  8  tons  (of  2  240  lbs.)  for  the  weight 
of  a  car,  and  10  tons  (of  2  2401  s.)  for  the  load 
of  each  car,  it  would  require  212  cars,  weigh- 
ing 1  696  tons,  to  carry  2  120  tons  of  load;  the 
total  weight  beiDg  3  816  tons. 

The  performance  of  a  44  ton  engine  of  the 
present  day,  might  possibly  be  about  half  of 
this. 

That  is,  if  it  be  assumed  that  an  engine 
might  now  pull  a  gross  weight  of  1  90S  tons, 
it  would  convey  but  848  tons  of  freight;  or  4 J 
times  the  gross  weight  of  the  Gowan  and 
Marx  train,  could  show  onl}-  3|  times  the 
freight  that  was  carried  on  that  train. 

A  batt  e  has  been  raging  f  r  some  years  be- 
tween armor  plates  on  one  side,  and  penetrat- 
ing projecti'es  on  the  other;  and  the  question 
may  be  asked,  whether  there  is  not  another 
engineering  battle  now  going  on,  between  the 
weight  and  material  of  the  rails,  to  withstand, 
and  the  weight  and  power  of  the  locomotives 
and  trains  to  destroy.  In  both  cases,  large 
sum  s  are  needed  to  carry  out  the  experiments. 
It  is  a  question,  whether  in  the  grandeur  of 
certain  things,  we  may  not  have  passed  the 
economical  point. 

An  occasional  reference  to  the  railrcad  ex- 
perience of  forty  years  ago,  may  serve  to 
show  that  some  practical  mechanical  knowl- 
edge then  existed,  and  that  it  was  applied 
with  good  results. 

I  can  state  as  within  my  own  experience  in 
the  Alleghany  Portage  Railroad,  Pennsylvania, 
in  1834,  that  there  were  performances  of  loco- 
motives built  by  Wm.  Xorris,  of  Philadelphia, 
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in  running  over  smooth  rails  up  inclines  of 
over  500  feet  per  mile;  and  one  of  his  engines 
at  one  time  conveyed  a  passenger  car,  with 
50  passengers  in  it,  up  an  incline  of  422  feet 
per  mile,  at  the  rate  of  ten  miles  per  hour. 

The  Following  Letter  has  been  received 
from  the  Verein  Deutscher  Ingenieure  (Society 
of  German  Engineers)  : 
To  the  American  Society  of  Civil  Engineers  : 

In  the  expectation  that  many  of  the  Ameri- 
can engineers  who  may  visit  the  Exposition 
at  Paris,  will  feel  an  interest  in  the  industries 
of  Germany,  which,  as  is  known,  will  not  be 
represented  in  Paris,  and  thinking  that  they 
may  desire  on  this  occasion  to  visit  the  fac- 
te iries  and  works  of  Germany,  the  Verein 
D-utscher  Ingenieure  remembering  most  grate- 
fully the  very  kind  and  hospitable  reception 
•enjoyed  by  German  engineers  at  the  t'me  of 
the  Exposition  at  Philadelphia,  offers  most 
heartily  a  cordial  welcome  to  its  American 
colleagues,  and  desires  to  render  all  possible 
service  to  them. 

We  have  therefore  the  honor,  in  the  name 
of  the  Verein,  to  invite  the  members  of  the 
American  Society  of  Civil  Engineers  or  such 
other  American  Engineers  as  may  be  intro- 
duced by  the  Society,  to  visit  the  various  in- 
dustrial districts  of  Germany,  and  we  add 
herewith  a  list  of  persons  who  have  them- 
selves offered  to  assist  by  information  and 
Introductions,  such  visitors  from  the  United 
States  as  may  apply  to  them. 

With  high  esteem,  in  the  name  of  the 
Verein  Deutscher  Ingenieure, 

Fr.  Euler, 
President, 
Director  of  the  Iron  Works, 

Kaiserlauteu. 
Prof.  Dr.  F.  Grashof, 

Director,  Carlsruhe. 
1.  Aachen  District. 
Director  Bilharz  in  Preussisch  Moresnet  bei 

Aachen. 
Ke3sel(abrikant  G.  Piedboeuf,    Professor  G. 

Herrmann,  Professor  Dr.  Diirre,  General- 
director  Landsberg,  in  Aachen. 
Geueraldirector  Hupperts.  Mechernich. 

2.     Lower  Ruhr  District. 
F.    Giese,    Director    der    Niederrheinischen 

Hutte  in  Duisburg  und  Hochfeld. 
Fabrikbesitzer  E.  Berninghaus,   in  Duisburg. 
C.    Erdmanu,  Director  der  Duisburger  Mas- 

chiuenbau-Actiengesellschaft  in  Duisburg. 
A.  Thielen  und  A.  Coupette,  Directoren  der 

Actiengesellschaft    Phoenix    zu    Saar     bei 

Kuhrort. 
C.    Lueg,     Director    der     Actiengesellschaft 

Gutehoffnungshutte  in  Oberhausen. 


H.  Jacobi,  Director  der  Actiengesellschaft 
Gutehoffnungshutte  in  Herkrade. 

Schlink,  Director  der  Friedrich-Wilhelms- 
Hiitte  in  Mulheim  a.  d.  Ruhr. 

3.      WuPPERTHAL,  REMSCHEID,  SOLINGEN. 

Der  Vorstand  des  Bergischen  Bezirksvereins 
(Vorsitzender :    Ingenieur   Korse    in    Bar- 
men). 
4.     Other  Districts  of  Westphalia. 

Ingenieur  W.  Briigmann,  Civilingenieur  F. 
Peters,  Dortmund. 

Civilingenieur  Schemeltzer,  Hagen. 

Disselhof,  Dirigeut  des  Wasserwerks  in  Iser- 
lohn. 

5.  Siegen  District. 
Civilingenieur  Macco,  Siegen.     Director  Jas- 
per,   Creuzthal.      Ingenieur    Wintersbach, 
Dahlbruch. 

6.  Cassel  District. 

Geh.    Commerzienrath    O.    Henschel.      (Ma- 

chinerfabrik  von  Henschel  &  Sohn).  Cassel. 
Kgl.  Ober-Maschenenmeister  Th.  Biite,  Cassel. 

7.    Hannover  District. 
Maschinenfabrikant     A.     Knbrenagel,     Geh. 

Rath  Professor  Dr.  Riihlmann,  Professor  F. 

Fisher".  Berg-Ingenieur  H.  Reck,  Hannover. 
8.    Magdeburg,  Bernbcrg  and  Viciniti. 
Civiliugenif-ur  L.   Schmelzer,  Civilingenieur 

Walkhoff,  Civilingenieur  Buss,  Magdeburg. 
P.   Baumaun,   firma  :    Baumaun    &   Magnet, 

Zuckerfabrik  in  Buckau. 
Bergmeister    Lehmer,   Ingenieur   W.    Rothe, 

Beraburg. 
Fabrikbesitzer  Mook,  Leopoldshall  bei  Stass- 

furt. 
Ingenieur  Gotth,  Sachsenber,  Rosslau  a,  d. 

Elbe. 

9.    Berlin  and  Vicinity. 
Geh.   Rath   Professor  Reuleaux.  Geh.  Ober- 

baurath    Schbnfelder,  Geh.     Bergrath   Dr. 

Wedding,  Berlin. 
Salinendirector  Hosier,  Schonebeck. 

10.     Stettin  District. 
Regierungs  und   Baurath  Dresel,   Schiffbau- 

Director  F.  Haack,  Fabrikeninspeetor  Her- 

tel,    Stadtrath    Koppen,     Ober-Masehinen- 

meister  Truhlsen. 

11.     Silesia. 
Civilingenieur    Riebn,     Gbrlitz.      Obergralh 

Althaus,  Breslau.     Kgl.  Bergwerksdirector 

Koch,  I'arnowitz.     Bergrath  Broja,  Zabrze. 
Hiittendirector      Schrickell,      Civilingenieur 

Nack,  Bergassessor  Lucke,  Kattowitz. 
12.     Bavaria. 
G.  Krauss,  Chef,  der  Locomotivfabrik  Krause 

&  Cie,  Miinehen. 
C.  Linde,  Professor  am  Polytechnicum,  Miin- 

chen. 
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Zemann,  Redacteur  von  Dingler's  Polyteehni- 

chem  Journal,  Augsburg. 
A.    Frommel,     Gerant    der     Spinnerei    und 

Weberei,  Augsburg. 
G.  Ultsch.  Professor  der  Kgl.  Industriescbule, 

Niirnberg. 
Hilpert,    Director   der    Machinenbau-Gesell- 

schaft,  Nit  nberg. 
Professor  Dr.  von  Wagner,  Wurzburg. 
Noll,  Director  der  Waggonfabrik,  Wiirzburg. 

13.     Baden. 
Professor  Dr.  Meidinger,  Vorstand  der  Lan- 

desgewerbehalle  in  Carlsruhe. 

14.    Palatinate — Saarbrucken, 
Dingier,  Macheneufabrikant  iu  Zweibrucken. 
Ingenieur  Kauffer,  firnia  :  Eisenwerk  Kaiser- 

slauten,  Kaiserslauten. 
Hans     Si'bun.     firma  :      Kamgarnspinnerei, 

Kaiserslauten. 
Marzall,  Eisenbahnwerkmeister,  Korn,  Leder- 

fabrikant,  Saarbrucken. 
Ingenieur  Brandt,  firma  :  Dingier,  Karcher  & 

Cie.,  iu  St.  Jobann. 
Bergrath  Hoernecke,  Dudweiler. 
Burbache  Hiitte.  bei  Saarbriicken. 
Dillinger  Hiitteuwerke,  Saarlouis. 
15.     Midd.  e   Rhine. 
C.  Heberle,  Director  der  Grube  Friedriehsse- 

gen  bei  Oberlabnstein. 
Meiuecke,  Chemiker  in  Oberlahnstein. 
Herzog,   Betriebsingenieur  der  Krupp'schen 

Hiittenverwaltung  in  Sayu. 

1G.  Lower  Rhine. 
Bergassessor  von  Velsen,  Bonn. 
Sacbs,  Director  der  Gessellschaft  Humboldt  in 

Kalk  bei  Coin. 
Ingenieur  C.  J.  Langen,  Coin. 
Hegeuer,   Director  der  stadtischen   Gas  und 

Wasserwerke  in  Colli. 
Frabrikbesitzer    Dr.   Griineberg   (Chemische 

Fabrik),  Ciiln. 

Amendment  to  By-Laws. 

Mr.  F.  ColliDgwood  has  proposed  for  the 
consideration  of  the  Society  the  following 
amendment  to  the  By-Laws,  and  on  his  mo- 
tion, seconded  by  Mr.  Wilson  Crosby,  it  has 
been  dii  printed  and  issued  with 

the  announcement  that  it  would  be  regularly 
moved  at  the  approaching  Tenth  Annual  Con- 
vention : 

An  Amendment  to  the  By-Laws,  to  take  the 
placG  of  Section  31,  adopted  at  the  Ninth 
Annual  Convention,  April  25th,  1877. 

Section Lny  member  entitled  to  vote 

lor  officers  of  the  Society  may.  before  the 
third  Wednesday  of  September  in  any  year, 
nominate  such  officers  tor  the  ensuing  year, 
by   presenting  the  names  of  such  nominees 


iu  writing,  over  his  own  signature,  in  a  sealed 
envelope,  addressed  to  the  Board  of  Direc- 
tion, and  endorsed,  "  Nominations  for  of- 
ficers." 

The  Board  of  Direction  or  those  of  its 
members  present  at  a  meeting  of  the  Board, 
to  be  held  on  said  third  Wednesday  of  Sep- 
tember, for  this  purpose,  shall  prepare  a  list 
in  alphabetical  order,  under  the  title  of  each 
office,  of  all  the  persons  thus  nominated  and 
eligible  to  the  respective  offices,  together  wi  It 
the  class  of  membership  of  each  as  to 
whether  resident  or  non-resident. 

Within  one  week  thereafter,  the  Secretary- 
shall  mail  such  list,  with  a  copy  of  this  sec- 
tion, to  all  members  of  whatever  class. 

Members  qualified  to  vote  tor  officers  may 
do  so  by  striking  from  or  adding  to  this  li.-t. 
and  return  the  same  as  their  ballots,  but  each 
ballot  shall  contain  not  more  than  one  name 
for  President,  one  for  Secretary,  one  for 
Treasurer  and  one  for  Librarian,  two  names 
for  Vice-President  and  five  names  for  Di- 
rectors. Of  these,  one  Vice-President,  the 
Secretary,  the  Treasurer,  the  Librarian  and 
three  Directors  must  be  resident  members. 

The  vote  shall  be  by  letter,  in  like  manner 
as  prescribed  for  admission  to  membership, 
and  be  canvassed  at  the  Annual  Meeting 
next  succeeding  said  third  Wednesday  iu 
September. 

The  presiding  officer  shall  appoint  three  or 
more  tellers  for  the  canvass,  who  shall  reject 
all  ballots  not  in  conformity  with  the  Consti- 
tution and  By-Laws,  and  report  the  result  iu 
full  to  the  meeting  in  writing  ,  such  report  to 
be  preserved  by  the  Secretary  for  reference. 

The  nominee  for  any  office  receiving  the 
greatest  number  of  legal  ballots  shall  be  de- 
clared elected  to  that  office. 

If,  in  any  case,  in  consequence  of  two  or 
more  nominees  receiving  an  equal  number 
of  votes,  there  is  no  election  of  a  particular 
officer,  the  members  present,  who  are  entitled 
to  vote,  shall  elect  such  officer  by  plurality 
ballot,  from  those  nominees  receiving  the 
:  number  of  votes. 

A  ballot  entirely  in  writing  shall  not  be 
rejected  tor  that  reason. 

Mr.  Edward  P.  North  has  proposed  for  the 
consideration  of  the  Society  the  following 
tnent  to  the  <  onsl  tin  Lon,  and  on  his 
seconded  by  Mr.  M.  X.  Forney,  it  has 
been  directed  to  be  printed  and  issued  with 
the  announcement  that  it  would  be  offered  at 
the  approaching  Tenth  Annual  Convention: 

Amendment  to  Constitution.— To  amend 
Article  V,  as  far  as  relates  to  the  election  of  a 
Secretary,  as  follows  : 
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Hereafter  the  Secretary  shall  be  appointed 
by  the  Board  of  Direction,  and  hold  his  office 
during  their  pleasure. 


This  amendment  shall  take  effect  on  its 
passage,  and  its  provisions  shall  apply  to  the 
Secretary  elected  in  November  next. 
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Alphabets  :  a  Monogram  ami —  Alburn.   New 

York.     New  ed.     8vo.     Sabin.     $5.1)6. 
Archaeology.     Lake  Dwellings  of  Switzerland 
and  other  parts  of  Europe.    F.  Keller.    New 
York.     2  vols.  Svo.  illus.     Plates.     Scribner, 
Welford  <t-  Armstrong.     .-21 .(  0. 

Architecture;  Haudy  book  of  Villa  .     C. 

Wiekes.  Londou.  fto,  illus.  Plates.  Crosby, 
Lockwood  <£  Co.  42s. 
.  Old  homes  made  new,  being  a  col- 
lection of  Plans,  exterior  and  interior  views, 
illustrating  the  alteration  and  remodelling 
of  several  suburban  residences,  with  ex- 
planatory  text.  W.  Woollett.  New  York. 
Folio,  illus.  Bicknell.  si. 50. 
Art  :    Essay  on  Decorative.     Geo.  B.  Warren, 

Jr.  Troy.  8vo.  II'.  //.  Young.  $0.25. 
Atlantic,  The  :  An  Account  of  the  General  lie- 
suits  of  the  Voyage  during  the  year  1873 
and  the  early  part  of  the  year  1870.  Sir  C. 
Wyville  Thomson,  V.  K.  8.  With  a  Portrait 
of  ihe  author,  many  colored  Maps.  Temper- 
ature Charts,  and  Illustrations.  New  York. 
8vo.     Harpers.     $12.00. 

Botany  ;    Structural  and  Physiological . 

Otto  W.  Tl>nrne,  Professor  of  Botany  at  the 
School  of  Science  and  Art  at  Cologne. 
Trans,  and  ed.  by  A.  W.  Bennett,  of  St. 
Thomas'  Hospital.  000  Woodcuts  and  col- 
ored Map.  New  York.  Small  8vo.  2d  ed. 
Wiley  d  Sons.     $2.25. 

Brakes;  Continuous  Railway  .     A  Letter 

to  the  Right  Hon.  Sir  Charles  Adderley, 
President  of  the  Board  of  Tiade.  By  a  fre- 
quent Railway  Traveler.  London.  8vo. 
Trubner.    6d. 

•  ;  Practical  Treatise  on  the  (''instruc- 
tion of  Iron  Highway .     For  the  use  of 

Town  Committees;  together  with  a  short 
Essay  upon  the  application  of  the  principles 
of  the  Lever  to  a  ready  analysis  of  the 
strains  upon  the  more  customary  forms  of 
Beams  ami  Trusses.  With  many  fine  En- 
gravings. A.  P.  Boiler,  A.  M.,  C.  E.  New 
York.  1vol.  8vo,  cloth.  2ded.  Wiley  di 
Sons.  $2.50. 
Carriage  Builders'  Reference  Bonk.  With  Il- 
lustrations and  Descriptions  of  Centennial 
Exhibits.  1.  D.  Ware.  Philadelphia.  8vo, 
illus. 

Catalogue;    a   general  ■  of  choice    books 

for   the   library;  comprising  a  selection  of 
the  best  books  by  ancient  ami  modern  au- 
thors, in  all  departments  of  literatun 
ence,  and  art.    Classified  and  priced.    Cin- 
cinnati.    12mo.     Clarke.     $0.25. 
Chairman's  Handbook.     3d  ed.     Ri  gin  aid  F. 
D.  Palgrave,   Clerk-Assist,  of    the    Hoi. 
Commons.     London.    Knight  di  Co.     Is.  6d. 

chemistry.     Industrial    .     A   Manual  for 

Technical  Schools,  chemists  ami  Manufac- 
turers, Based  upon  a  translation  (partly  by 
Dr.  T.  Barry)  of  Stohinanii  ,y  Engler's  Ger- 
man edition  of  Payens  Precis  de  Chemie 
Industrielle.  Edited  throughout  and  aug- 
mented by  B.  H.  Paul,  Ph.  D.  Illustrated 
by  698  Engravings  and  containing  nearly 


1000  pagps.  New  York.  8vo.  Wiley  di 
Sons.  810.00. 
Corporations.  The  New  York  Act  for  the 
Formation  of  for  Manufacturing,  Alin- 
ing, Mechanical,  and  other  purposes.  With 
all  the  Amendments.  Notes.  Forms,  and 
Index.  Compiled  by  a  member  of  the  New 
York  Bar.  New  York.  12mo.  Baker,  Voor- 
hisdiCo.     >0. 50. 

Design  ;  a  Primer  uf .     Charles  A.  Barry, 

Supervisor  of  Drawing,  Public  Schools,  Bos- 
ton.    Lee  (0  Shepard.     (Announcement  ) 

Drainage-     House and  water  service  in 

cities,  villages,  and  rural  neighborhoods. 
With  incidental  consideration  of  causes  ai- 
fectiug  the  healthfuluess  ot  dwellings.  Jas, 
C,  Bayles.  New  York.  Svo.  D.  Williams. 
S3. 00. 
Drawing.  An  Elementary  Course  of  Geo- 
metrical   ;  containing  Problems  on  the 

Right  Line  ami  Circle,  Conic  Section  and 
other  Curves,  the  Projection,  Section,  and 
Intersection  of  Solids,  the  Development  of 
Surfaces,  and  Isometric  Perspectives.  With 
38  Plates.  16  by  20.  George  L.  Vose.  Bos- 
ton.    Lee  <£  Shtpard.     t  Announcement.) 

Elements  of  Machine  Construction,  or 

Machine  Drawing,  with  some  Elements  of 
descriptive  and  rational  cinematics.  A  text 
book  for  schools  of  Civil  and  Mechanical 
Engineering  and  for  the  use  of  Mechanical 
Establishments,  Artisans  and  Inventors — 
containing  the  principles  of  Gearing,  Screw 
Propellers,  Valve  .Motions,  and  Governors, 
and  many  standard  and  novel  examples, 
mostly  from  present  American  practice.  S. 
Edward  Warren,  late  Professor  in  the  Rens- 
selaer Polytechnic  Institute.  New  York. 
2  vols.  8vo,  illus.  plates.  Wiley  d- Sons.  $7.50. 

Industrial — comprising  the  Description 

and  uses  of  Drawing  Instruments,  the  con- 
struction uf  Plane  figures,  the  Projections 
and  sections  of  Geometrical  Solids,  Archi- 
tectural Elements,  Mechanism  and  Topo- 
graphical Drawing,  for  the  use  of  academies 
and  common  schools.  By  Prof.  D.  H.  Ma- 
han.  Revised  aid  enlarged  ami  chapter  on 
colored  topography  added  by  Prof.  D.  F. 
Thompson  of  Troy.  New  York.  Svo,  30 
plates.     Wiley  d-  Sons.     $3.50. 

Dynamic's.      Elements    of :      Mechanics. 

With  numerous  Examples  and  Examination 
Questions.  3.  Blaikie.  Edinburgh.  Post 
svo.  Simpkin, London.   3s.  Gd. 

Aid    book    to-    enterprise 

abroad.  Ewing  Matheson.  London.  8vo. 
Spons,  12-.  'id. 
Engineers.  Proceedings  of  the  Association 
of  Municipal  and  Sanitary and  Survey- 
ors. Edited  by  L.  Angel.  Loudon.  Vol. 
3.  8vo.  Spons.  lus.  6d. 
Explosives.  Guide  book  to  the  — —  Act,  1875. 
For  the  use  ot  local  authorities  and  their 
officers.  By  Major  Majendie,  R.  A.,  H.  M. 
Inspector  of  Explosives.  By  authority. 
Bound  in  leather,  320  pages  London. 
Knight  d  Co.     2s. 
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Graphical  Statics.    Elements  of and  their 

application  to  Framed  Structures.  With 
numerous  practical  Examples  :  Cranes, 
Bridge,  Roof  and  Suspension  Trusses  ; 
Braced  and  Stone  Arches  ;  Pivot  and  Draw 
Spans  ;  Continuous  Girders,  etc  ;  together 
with  the  best  methods  of.  calculation,  and 
containing  also  new  and  practical  formulas 
for  the  Pivot  or  Draw  -span,  Braced  Ai'ch, 
Continuous  Girder,  &c.  2  volumes,  8  vo;  1 
vol.  text  and  1  vol.  plates — 2d  ed.  Prof.  A. 
Jay  DuBois,  Professor  of  Engineering  in 
Sheffield  Scientific  School — late  Professor  at 
Lehigh  University.  New  York.  Wiley  cfc 
Sons.  $5.00. 
Guide.  The  Pacific  tourist,  illustrated  trans- 
continental — —  of  travel  from  the  Atlantic 
to  the  Pacific  Ocean.  1878.  New  York. 
4to.  H.  T.  Williams.  $1.50. 
Iron  and  Steel.  The  calculations  of  strength 
and  dimensions  of  iron  and  steel  construc- 
tions ;  with  reference  to  the  latest  experi- 
ments. By  Prof.  J.  J.  Weyrauch,  of  Poly- 
tseknic  Institute  of  Stuttgart.  Translated 
by  Prof.  H.  Jay  DuBois.  The  only  author- 
ized translation.  In  1  vol.  New  York.  8vo, 
plates.  Wiley  it  Sons.  $1.50. 
Indian  Population — How  shall  we  treat  the 
red  man?  Lieut.  E.  O.  Otis,  U.  S.  Army. 
New  York.  12mo.  Slieldon.  $1.50. 
Irrigation.      Facts    and    Fallacies    regarding 

as  a  Prevention  of  Famine   in    India. 

John  Dacosta.  London.  8vo.  W.H.Allen. 
6d. 

Mechanics.     Principles    of    Elementary 

designed  to  give  more  attention  to  the 
fundamental  principles  of  mechanics.  De- 
Volson  "Wood,  Prof,  of  Mathematics  and 
Mechanics  in  Stevens  Institute.  New  York. 
12mo,  illus  ,  cloth,  150  pp.  Wiley  ,&  Sons. 
$2.00. 
Military  Engiuee  ing.  Instructions  in  —  — . 
Vol.  I.  part  4,  Military  Mining,  compiled  at 
the  School  of  Military  Engineering,  Chat- 
ham. 2d  ed.  Post  Svo.  British  Govern- 
ment Publication.     Is.  Gd. 

Mineralogy,  A  Text-Book  of ,  Based  upon 

the  System  of  Mineralogy  by  J.  D.  Dana. 
Embracing  an  extended  treatise  on  Crystal- 
ography  and  Physical  Mineralogy,  By  E.  S. 
liana,  Curator  of  Mineralo  y,  Yale  College. 
With  upwards  of  800  woodcuts,  and  one 
colored  plate.  New  York.  8vo,  cloth.  2a.  Ed. 
Wile;/  &  Sons.     $5.00. 

,  A  Manual  of  Determinative  and 

Blow  Pipe  Analysis,  byGeorge  Jarvis  Brush, 
of  Sheffield  Scientific  School.  New  York. 
8vo.     ad  Ed.     Wiley  &  Sons.     $3.00. 

,  A  new  revision  of  the  above,  with  New 

Notation,  conforming  with  Dana's  Text 
Book  on  Mineralogy.  Wiley  k  Sons.  (An- 
nouncement.) 

Modern   Countries,    Resources    of . 

Alex.  J.Wilson.     2  vols.  8vo.  Scribner,  Wel- 
ford  &  Armstrong.     sr.'.OO 
Navy,  Records  of  Living  Officers  of  the  United 

States and  Mariue  Corps.   Comp.  from 

official  sources.  Lewis  R.  Hamersly.  Phil- 
adelphia. ;>d  ed.  rev.  8vo.  Lippincott.  $5.00. 

,   The   Gun,    iiam,   and   Torpedo  ;  or, 

Manoeuvres  and  Tactics  of  a  Naval  Battle  of 
the  Present  Day.  By  Com.  Gerard  Noel, 
R.  N.,  the  Royal  Yacht.  Loudon.  Crown, 
8vo,  illus.  Simpkin.  8s.  fid. 
Painting.  Studio,  Field  and  Gallery,  A  Man- 
ual of ,  lor  the  Student  and  Amateur, 

with  information  for  the  general  reader. 
Horace  J.  Rollin.  New  York.  12mo. 
Appleton.     $1.50. 


Pennsylvania  Rail  Itoad.     History  of  the 

,     Republished  from  the  Loudon 

Engineering.  220  pp.  of  text,  (i0  illustra- 
tions, more  than  100  tables.  79  plates,  in- 
cluding about  '.'5  double  page  plates.  1  vol. 
folio,  450  pp.  Half  morocco.  Sold  by  sub- 
scription. Wiley  &  Sons.  Previous  to  is- 
sue, $15.00  ;  after  issue,  $20  00. 

Perspective,  Second  Grade (Theory   and 

Practice).  Specially  prepared  for  the  use 
of  Art  Students.  H.  J.  Dennis.  London. 
4to.     Bailliere.    2s.  6d. 

Pocket  Book  of  Ussful  Formula?  and  Memo- 
randa for  Civil  and  Mechanical  Engineers, 
with  a  valuable  contribution  on  Telegraphs 
by  R.  S.  Brough  and  Paget  Higgs.  G.  L. 
Molt  sworth.  London,  tfinio.  19th  Ed. 
Spons.     (is. 

Railway  Manual,  Bradshaw's ,  Share- 
holder's Guide,  and  Official  Directory  for 
187d.   London.    Post8vo.    W.J.Adams.  12s. 

Sanitary  Engineering.  Wholesome  Houses  : 
Being  an  Exposition  of  the  Banner  System 
of  Sanitation.  25th  ed.  Ed.  G.  Banner. 
London.  12mo.  illus,  Crosby,  Lockwood  & 
Co.     Is. 

.      Practical   Information   as   to 

the  Law  relating  to  the  Rpmoval  of  Nui- 
sances and  Public  Health.  London.  Knight 
&  Co.     Is. 

Science  Lectures  at  South  Kensington,  Vol. 
I  ByCapt.  Abuey,  R.E,,  F.R.S.;  Professor 
Stokes,  Professor  Alexander  B.  W.  Ken- 
nedy, C.E. ;  F.  J.  Bramwell,  Esq..  CE„ 
F.R.S. ;  Professor  F.  Forbes,  H.  C.  Sorby, 
F.R.S.,  J.  T.  Bottomley.  M.A.,  F.R  S.;  Sid- 
ney H.  Vines,  B  A.,  B.Sc. ;  Professor  Carey 
Foster.  New  York.  12mo.  M acmillan.  $1.75. 

Sea  Terms,   French  and   Phrases. 

By  Lieut.  Pornain,  French  Navy.  London. 
8vo.     Simpkin      4s. 

Steam  Engine.     The  Theory  of  the 

Trans,  from  the  4th  ed.  of  Weisbach's  Me- 
chanics, by  Prof.  A.  Jay  DuBois.  With  an 
Appendix  of  Practical  Examples  of  Station- 
ary, Marine  and  Locomotive  Engines,  show- 
ing American  practice,  by  R.  H.  Buel.  New 
York.     8vo,  illus.     Wiley  &  Sons.     $0.00. 

Sin  p'e    and    Compound    Engines. 

Their  Relative  Merits,  by  Niel  Macdougall, 
Esq.,  Admiralty,  London.  Second  Edit., 
demy  8vc,  ills."  3s.  6d. 

Statistical    Tables.     Hubner's  Universal  

containing  Area  in  square  miles ;  Forms 

of  Government  ;  Head  of  ditto  ;  Population; 
Expenditure  ;  National  Debt:  Paper  Money; 
Notes  in  Circulation  ;  Standing  Army  ; 
Navy  ;  Merchant  Vessels  ;  Imports  ;  Ex- 
ports ;  Chief  Native  Produce  ;  Money, 
Weights,  and  Measures  ;  Chief  Towns  and 
Seaports  ;  Population  of  Cities  of  all  Coun- 
tries in  the  World.  1  sheet  imperial.  Lon- 
don.    Tritbner.    Is.  9d. 

Trades  Unionism     —  and  its  Results. 

Five  Letters  in  the  Times,  with  some  addi- 
tions, by  Sir  Edmund  Beckett.  Loudon. 
Crown  8vo.    Crosby,  Lockwood  &  Co.    6d. 

Tree  Culturist.     Fuller's  Forest . 

The  Cultivation  of  Forest  Trees  for  Shade, 
for  Shelter,  for  Fuel,  for  Timber,  and  for 
Profit.  Illus.  NewYork.  Am.  News  Co.  $1.00. 

Elliott's  Lawn  and  Shade  Trees. 

For  Planting  Parks  Gardens,  Ccmetsries', 
Private  Grounds  and  Avenues.  Fully  illus- 
trated and  described.  New  York.  Am. 
Xeivs  Co.     $1.00. 

Tunnelling.  Explosive  Compounds  and  Rock 
Drills.  Giving  the  details  of  Practical  Tun- 
nel Work.      Properties  of  Modern   Explo- 
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Hives,  Principles  of  Blasting,  and  Descrip- 
tions and  Use  of  the  variou  -  Eock  Drills  and 
Compressors,  together  with  American  and 
Foreign  Systems  of  Arching,  and  Tables 
showing  Cost  and  Dimensions-  of  over  1700 
Tunnels  from  every  part  of  the  world,  aud 
Profiles,  Maps,  and  over  1000  illustrations, 
by  Henry  S.  Drinker,  Mining  and  Civil  Engi- 
neer. New  York.  4to.  Wiley  k  Sons.  Sold 
only  by  subscription.  Price,  previous  to 
issue,  $15.00  ;  subsequent  to  issue,  S20.00. 

i Ventilation      ATreatiseon  Comprising 

lectures  delivered  before  the  Franklin  Insti- 
tute, showing  the  great  want  of  improved 
methods  of  Ventilation  in  our  buildings, 
giving  the  Chemical  and  Physiological  pro- 
cess of  Respiration,  comparing  the  effects 
of  the  various  methods  of  heating  audlight- 
ing  upon  ventilation,  etc.  Illustrated  by 
many  plans  of  all  classes  of  public  and  pri- 


vate buildings,  showing  their  present  de- 
fects, and  the  best  means  of  improving 
them,  by  L.  W.  Deeds.  New  York.  New  ed. 
1  vol.  8vo.  illus.  plates.  Wiley  &  Sons. 
$2.50. 

A'ision.  On  defects  of which  are  re- 
in* liable  by  optical  appliances.  A  course 
of  lectures  delivered  at  the  Royal  College  of 
Surgeons  of  England.  Robt.  Brudenell 
Carter.  London.  8vo.  Macmillan,  New 
York.     $2.50. 

Water  Supply  of  Cities  and  Towns.  A  Com- 
prehensive Treatise  on  the 

With  numerous  specifi- 
cations of  existing  water  works.  William 
Humber.  London.  1st  American  edition, 
4to,  illus.,  and  50  double  plates.  Geo.  H. 
Frost  (Engineering  News)  Chicago.  Issued 
in  12  parts.  For  each  part,  $1.25  ;  for  12 
parts,  $10.00. 


ADDITIONS   TO 

LIBRARY     AND     MUSEUM. 


From    Administration     des     Ponts     et 
Chaussees,  Paris  : 
Annales  des  Pouts  et  Chaussees,  March,  1878. 
From  Argentine  Scientific  Society,  Bue- 
nos Ayres: 
Annals  of  the  Society,  February  and  March, 
1878. 

From  Austrian  Society  of  Engineers  and 
Architects,  Vienna: 
Transactions   of  the   Society,  Parts  3  and  4, 
1878. 

From  Theodore  Belpaire,  Paris : 
Tables  permettant  d'effectner  rapidement  les 
calculs  relatifs  a  la  stability  des  voutes. 
Theodore  Belpaire,  Paris. 
Essai  d'une  Theorie  des  Voutes  en  berceau, 
en  arc  de  cercle  et  en  plein  centre.  Theo. 
Belpaire,  Paris. 

From  Boston  Public  Library: 
The  Bulletin  of  the  Library,  No.  45.     April, 
1878. 

From  the  Buffalo  Board  of  Water  Com- 
missioners: 
Ninth    Annual   Report    of   the   Buffalo   City 
Water  Works  for  1877.     Buffalo. 

From   the  Engineers'    Club    of  Phila- 
delphia: 
Report  of  the  Committee  of  the  Club  on  the 
Metric   Svstem  of  Weights   aud  Measures. 
Philadelphia,  1878. 

From  the  Hanover  Society  of  Engineers 
and  Architects: 
Transactions  of  the   Society,     Part   2,  1878. 
Hanover,  1878. 

Prom  I).  Farrand  Henry,  Detroit,  Mich- 
igan: 
The  26th  Annual  Report  of  the  Board  of  Water 
Commissioners.     Detroit.     (3  copies.) 
From  A.  L.  Holley,  New  York: 
The  Strength  of  wrought  iron  as  effected  by- 
its  composition  and  by  its  reduction  in  roll- 
ing.    Philadelphia,  1878.     (10  copies.) 

From  the  Imperial  Russian  Polytechnic 
Society: 
Proceedings  and  Transactions  of  the  Society. 
Vol.  I.,  1878.     St.  Petersburgh. 


From  the  Institution  of  Civil  Engineers : 
Minutes  of  Proceedings  of  the  Society.     Vol. 
LI.     Session  1877-78,  Part  1.     London. 
From  John  B.  Jervis,  Rome.  N.  Y. : 
The  Future  of  the  Erie  Canal.     John  B.  Jer- 
vis.    1878. 

From   the   Ministry  of  Public  Works, 
Paris,  France: 
Year  Book  of  Public  Works    for   year  1878. 
Paris. 

From  E.  P.  North,  New  York: 
Salisbury  iron,  its  composition,  qualities,  and 

uses.     Salisbury,  Conn. 
General  Powder  and  Electric  Blasting  Appa- 
ratus.    May,  187s.     Laflin   &  Rand   Powder 
Co.,  New  York: 

From  the  North  of  England  Institute  of 
Mechanical  and  Mining  Engineers: 
Transactions  of  the   Society,  November  and 
December,     1877.       Newcastle-upon-Tyne, 
1878. 

From  Charles  Paine,  Cleveland,  Ohio: 

Eighth  Annual   Report  of  the   President  and 

Directors  of  the  Lake  shore  aud  Mi  -lagan 

Southern  Railway.     1S77.    Cleveland,  1878. 

From  Ernest  Pontzen,  Paris,  France: 

Etude  sue  L'Exploitation  des  Chemins  de  fer 

par  l'Etat.     M.  F.  Jacquien,  Paris. 
Der   Lupkower  Tunnel  der  Ersten  ungarisch 
galizischen    Eizenbahu.     _  Rudolph    R.    V. 
( runesch,  Vienna. 

From  Levi  W.  Post.  Jersey  City: 
Annual  Report  of  the  Chief  Engineer  of  the 
Board  of  Public  Works  of  Jersey  City.     De- 
cember 31,   1877.      New  York,   1878.      (10 
copies.) 

From  the  Railroad  and  Warehouse  Com- 
mission of  Illinois: 
Seventh  Annual  Report.     Springfield,  111. 

From  Hon.  Saml.  J.  Randall: 
Congressional  Record.  45th  Congress,  2d  Ses- 
sion,   April  21st,  1878.     Washington. 
From  I.  W.  Smith,  Sacramento,  Cal. : 
Report  of  the  Board  of  Transportation  Com- 
missioners to  the  Legislature  of  California, 
December,  1877. 
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Explanation  of  Tables,  he,  Supplementary 
Report  of  Board  of  Transportation  Com- 
missioners of  California,  January  14th, 
1878. 
Blanks  for  years  187G  anrl  1877  for  reports  of 
railroads  to  Board  of  Transportation  Com- 
missioners of  California. 
Legislative  Acts  in  relation  to  Railroads  of 
California.    1878. 

From  J.  Herbert  Shedd,  Boston: 
Report  iu  relation  to  Sewerage  of  tbe  City  of 
Lynn,   and  a  report  of   the  Committee  on 
Drainage.     J.  Herbert  Shedd.    Lynn.  1877. 
From  the  Saxon  Society  of  Engineers 
and  Architects,  Leipsic: 
Transactions  of  .the  Society.     1877. 

From  the  Technical  and  Administrative 
Military  Committee,  Vienna : 
Communications  upon  Artillery  and  Engineer- 
ing Operations.     2d  part.     1878. 

From  the  Treasury  Department,  Wash- 
ington: 
Annual  Report  of  the  Light  House  Board  to 
the  Secretary  of  the  Treasury.     1877. 

From  R.  H.  Thurston,  Hoboken,  N.  J.: 
Thermal    and    Mechanical  Properties   of  Air 
shown    by    lithographed   curves      due    to 
cliauges  of  temperature,  pressure  and  vol- 
ume.    R.  H.  Thurston.     1877. 


Abstract  of  Statement  of  the  extent  and  char- 
acter of  the  work  of  the  United  States  Board 
appointed  to  test  Iron,  Steel,  and  other 
Metals.     R.H.Thurston.    Salem,  Mass. 

On  a  new  method  of  planning  researches,  and 
of  representing  to  the  eye  the  results  of 
combination  of  three  or  more  elements  in 
varying  proportions.  R.  H.  Thurston.  Sa- 
lem, Mass. 

The  Growth  of  the  Steam  Engine.  R.  H. 
Thurston,  New  York,  1878. 

From  S  Whipple,  Albany,  N.  Y. : 

An  investigation  as  to  the  mode  and  amount 
of  attraction  between  large  and  small 
bodies  in  contact  or  at  small  distances.  S. 
Whipple.  Albany,  N.  Y.,  1877.  (several 
copies.) 

From  H.  M.  Wightman,  Boston: 

Annual  Report  of  the  City  Engineer  of  Bos- 
ton for  the  year  1877. 

From  W.  W.  Wilson.  TonVers,  N.  Y. : 

Fifth  Annual  Report  of  the   Hoard  of  Water 
Commissioners  of  the  City  of  Yonkers.  1877. 
From  David  Williams,  New  York: 

The  Metallurgical  Review.    Vol.  I. 

From  A.  F.Wrotuowski,  New  Orleans,  La. : 

Report  of  the  Board  of  State  Engineers  of 
Louisiana  for  the  year  1^76.  New  Orleans, 
1878. 


ANNOUNCEMENTS. 


The  Tenth  Annual  Convention  of  the 
Society  will  be  held  at  Boston,  beginning 
Tuesday,  June  18th,  1878. 

Sessions  for  the  consideration  of  profes- 
sional subjects,  and  one  for  the  transaction 
of  business  will  be  held. 

The  meetings  of  the  Convention  will  be 
held  iu  the  Hall  of  the  Massachusetts  Insti- 
tute of  Technology,  on  Boylston  street,  which 
has  been  kindly  placed  at  the  disposal  of  the 
Society  for  this  purpose. 

The  first  session  of  the  Convention  will  be 
at  10  a.  m.,  Tuesday,  June  18th,  and  for  that 
and  the  following  days  the  following  general 
programme  is  proposed  : 

Tuesday,  Junk  18th.— Sessions  at  10  a.  m., 
and  at  7£  p.  m.  During  the  afternoon,  by 
invitation  of  the  Boston  Society  of  Civil  En- 
gineers, an  excursion  will  be  made  by  rail  to 
Newton  Upper  Falls  (Aqueduct  Bridge,  Bos- 
ton Water  Works),  thence  returning  to  the 
city  via  the  Chestnut  Hill  Reservoir  and  sub- 
urbs of  Boston. 

Wednesday,  June  19th. — Sessions  at  10 
A.  w.,  and  at  7-J  p.  m.  Such  portion  of  the 
evening  session  as  may  be  determined  upon 
to  be  for  the  transaction  of  business.  During 
the  afternoon  several  excursions  to  places  of 
interest  about  the  City  of  Boston  will  be  made. 
Each  of  these  excursions  will  be  in  charge  of 
a  member  of  the  Local  Committee,  and  visi- 
tors will  elect  which  one  to  join. 


Thursday,  June  20th.— By  invitation  of  the 
Boston  Board  of  Trade,  au  examination  of  the 
upper  harbor  of  Boston  and  its  improvements, 
and  au  excursion  down  the  harbor.  Conven- 
tion dinner  in  the  evening,  at  the  Hotel 
Brunswick. 

Friday,  June  21st. — By  train  to  Lowell, 
and  examination  of  the  works  of  interest 
there.  Thence  to  Lawrence,  and,  after  visit- 
ing that  City,  return  to  Boston. 

By  invitation  of  Gen.  A.  P.  Rockwell,  Presi- 
dent of  the  Eastern   Railroad,  an  excursion 
will  be  made  over  that  road  to  North  Conway, 
and   thence  by  the   Portland  &  Ogdensburg 
Railroad  to  the  Incline  at  Mount  Washington. 
The  following  is  a  list  of  topics  to  be  con- 
sidered with  reference  to  papers    published 
in  Transactions  during  the  preceeding  year  : 
Bridges-. 
CXL.  Approximate  determination  of  stresses 
in  the  Eye-Bar  Head.    William  H.  Burr. 
CXEIV  and   CXLIX.      Relative,    quantities 
of  material  in  bridges  of  different  kinds, 
of  various  heights.     Charles  E.  Emery. 
CXLVTI.  Proportion  of  Eye-Bar  Heads  and 
Pius  as   determined  by  experiment.     C. 
Shaler  Smith. 
CLVI.  A  new  method  of  detecting  overstrain 
in  iron  and  other  metals,  and  its  applica- 
tion in  the  investigation  of  the   causes  of 
accidents  to  bridges  and  other  construc- 
tions.   Robert  H.  Thurston. 
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Boilers. 

CXLI.  Connected-Arc  Marine  Boilers,  a  de- 
monstration of  the  principles  of  their 
construction.     Charles  E.  Emery. 

Discussion  on  above  paper.    J.  Foster 

Flagg.     Vol.  VI.,  page  294. 
Cements. 

CUI.  Notes  and   Experiments   on  the  use 
and  testing  of  Portland  Cement.  William 
\V.  Maclay. 
Dams. 

CXLVIII.  Wing   Dams  in   the   Mississippi 
above  the  Falls  of  St.  Anthony.    Edward 
P.  North. 
Hydraulics. 

(XXXIX.  The  Consumption  and  Waste  of 
Water  delivered  by  Public  Works.  James 
H.  Harlow. 

CXLV.  The  flow  of  water  in  open  channels. 
Theodore  G.  Ellis. 

CLIV.  A  peculiar  case  of  failure  in  a  water 
main.     D.  McN.  Stauffer. 

—  Discussion  on  above  paper.  Yol.YII,  p.  15. 
Masonry. 

CLI.  Nomenclature  of  Building  stones  and 
stone  Masonry.     J.  James  R.  Croes,  Wil- 
liam E.   Merrill  and   Edgar    B.    Van 
Winkle. 
Minks  and  Blasting. 

CXLII.  On  the  simultaneous  ignition  of 
thousands  of  mines  and  the  most  advan- 
tageous grouping  of  fuses.  Julius  H. 
Striedinger. 

CLIII.    On    igniting    blasts  by    means    of 
electricity.     Julius  H.  Striedinger. 
Preservation  of  Timber. 

Discussion  on   this  subject.      Vol.  VI, 

page  189. 
Railroads. 

CLVIII.  Construction  and  operation  of  the 
Incline  Plane  Railroad   at  Madison,  Ind. 
M.  J.  Becker. 
Rivers  and  Harbors. 

CXLIII.  Improvement  of  Entrance  to  Gal- 
veston Harbor.     Charles  W.  Howell. 

CLV.  The  Improvement  of  the  South  Bos- 
ton Flats.     Edwaud  S.  Philbrick. 

Discussion  on  Levees  as  a   system  for 

reclaiming  low  lands.    J.  Foster  Flags. 
Vol.  VI,  page  305. 
Steam  Engines. 

CLVII.  Steam  engine  economy.     A  uniform 
basis  for  comparison.  Charles  E.  Emery. 
-■Surveys. 

CXXXVIII.  Coordinate  Surveying.  Henry 
F.  Walling. 

CXLVI.  A  novel  railroad  survey.  Thomas 
S.  Hardee. 

•CL.  Description  of  survey  for  determining 
the  slope  of  water  surface  in  the  Erie 
Canal.     William  H.  Searle<. 


In  addition  to  the  above  papers,  it  is  ex- 
pected that  the  following  subjects  will  be  pre- 
sented by  papers  printed  previous  to  the  date 
of  the  Convention,  or  read  at  its  meeting  : 

Dams  across  Water  Courses.  William  J. 
McAlpine. 

The  rain  fall  during  a  storm  in  October, 
1869.    Jamfs  B.  Francis. 

The  law  of  Tidal  Currents.  J.  H.  Stried- 
inger. 

The  South  Pass  Jetties  ;  descriptive  and 
incidental  notes  and  memoranda.  E.  L. 
Couthell. 

Discussion  on  the  preceding  paper.  Charles 
W.  Howell. 

Reminiscences  and  experiences  of  early  en- 
gineering operations  on  railroads,  with 
especial  reference  to  steep  inclines. 

No.  1,  W.  Milnor  Roberts. 
No.  2,  William  J.  McAlpine. 

Resistances  on  Railway  Curves.  S.Whinery. 

Notes  on  the  papers  in  reference  to  Incline 
Planes  aud  Resistances  on  Railway  Curves. 
—Octave  Chanute. 

Agricultural  Drainage.  Ed.  N.  Kirk  Tal- 
cott. 

A  graphic  method  of  representing  railroad 
accounts.     Charles  Latimeil 

Science,  old  and  new.  Its  relation  to  Engi- 
neering.    W.  Milnor  Roberts. 

The  Mississippi  River.— B.  M.  Harrod. 

Brick  Arches  for  Large  Sewers.   R.  Hering. 

Improvement  of  Galveston  Harbor  (2d  Pa- 
per).    Charles  W.  Howell. 

The  Flow  of  Water  in  Pipes.  Charles  G. 
Darrach. 

The  proper  airaugement  and  ventilation  of 
house  drains.     Charles  E.  Fowler. 

On  a  newly  discovered  relation  between  the 
tenacity  of  metals  and  their  resistance  to 
torsiou.     R.  H.  Thurston. 

On  Gauging  Streams.    Clemens  Herschel. 

Members  of  the  Society  are  earnestly  re- 
quested to  furnish  information  or  memoranda 
upon  any  of  the  subjects  referred  to.  They 
are  also  invited  and  expected  to  take  part  in 
the  discussions  either  in  person  or  by  send- 
ing to  the  Secretary  notes  for  presentation. 

In  either  case,  it  will  assist  the  Committee 
in  arranging  the  details  for  sessions  of  the 
Convention,  if  Members  expecting  to  take 
part  in  the  discussions  will  notify  the  Secre- 
tary at  once  to  that  effect. 

Reports  will  be  expected,  as  follows  : 

From  Committees  on  Gauging  of  Streams, 
J.  James  R.  Croes,  Chairman  ;  Permanent 
Quarters  for  the  Society,  John  Bogart,  Chair- 
man ;  Resistances  of  Railway  Trains,  William 
P.  Shinn,  Chairman  :  Uniform  Accounts  and 
Returns  of  Railroad  Companies,  William  P. 
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Shinn,  Chairman  ;  Tests  of  American  Iron 
and  Steel,  W.  Sooy  Smith,  Chairman  ;  On 
Exhibit  at  the  Paris  Exposition,  Geo.  S.  Mori- 
son,  Chairman  ;  The  Centennial  Commission 
of  the  Society,  Theodore  G.  Ellis,  Chairman. 

Members  who  intend  to  be  present  at  the 
Convention  are  requested  to  immediately 
notify  the  Secretary  to  that  effect,  either  upon 
the  blanks  already  sent  out  or  otherwise. 

Transportation  for  Members  has  been  al- 
ready secured  over  many  lines,  and  it  is 
hoped  will  be  obtained  over  others.  Notice 
of  what  can  be  furnished  will  be  sent  to  Mem- 
bers expecting  to  visit  the  Convention. 

The  Boston  Society  of  Civil  Engineers  ;  the 
Engineers'  Club  of  the  Northwest,  of  Chicago; 
the  Engineers'  Club  of  St.  Louis  ;  the  En- 
gineers' Club  of  Philadelphia,  and  the  New 
Haven  Engineering  Society,  have  been  in- 
vited to  attend  the  Convention.  The  Local 
Committee  has  made  arrangements  for  Mem- 
bers at  reduced  rates  (S3. 50  per  day)  at  the 
Hotel  Brunswick,  on  Boylston  street,  which 
is  opposite  the  place  of  meeting  of  the  Con- 
vention. 

Invitation  to  visit  the  works  of  interest  at 
and  in  the  vicinity  of  Fall  river  is  extended 
to  all  vis:tors  to  the  Convention,  by  Mr.  Wrn. 
Botch,  Chief  Engineer  of  the  Fall  Elver  Water 
"Works,  and  Member  of  the  Society.  Among 
these  works  are  an  iron  bridge  for  railroad 
and  highway  over  the  Taunton  river  ;  the 
water  works  of  the  City,  and  some  of  the  forty 
cotton  mills,  which,  together,  contain  1  250  000 
spindles.  These  works  can  be  visited  either 
before  or  after  the  Convention. 

Arrangements  have  been  made  for  the  trip 
from  New  York  to  Bost  n  and  return,  by 
Sound  steamers,  at  $3.01)  the  round  trip,  not 
including  stateroom.  Most  of  the  members 
purpose  leaving  >'ew  York  on  Monday  even- 
ing, June  17th. 

Notify  the  Secretary  at  once  if  you  desire  a 
berth  reserved  fur  you  in  stateroom. 

Discordant  Standards  of  Mfasukement. 
— A  number  of  members  of  the  Society  desire 
to  obtain  for  publication,  statements  of  the 
various  discordant  standards  of  measure  in 
use  in  the  United  States.  It  is  known  that  in 
many  cities  the  old  standards  are  more  or 
less  at  variance  with  the  present,  and  that, 
quite  frequently,  confusion  and  annoyance 
are  the  result.  A  table,  compiled  from  the 
information  which  is  undoubtedly  in  the  pos- 
session of  members  of  the  Bociety,  would  be 
both  interesting  and  valuable.  The  request 
is,  therefore,  made,  that  any  information 
which  wouid  be  of  assistance  in  the  prepara- 
tion of  such  a  table  be  forwarded  to  the  Sec- 


retary. The  replies  should  state  the  equiv- 
alent of  the  measures  referred  to  in  U.  S. 
standard  feet  or  in  meters,  together  with  any 
additional  notes  which  may  be  applicable.  If 
provisional  equivalents,  afterwards  proving 
incorrect,  have  been  adopted,  the  value  of 
these  should  also  be  stated. 

In  the  Transactions  of  the  Society  of  En- 
gineers and  Architects  of  Hanover,  Vol.  XXIV. , 
No.  2, 1878,  there  is  an  abstract  of  the  Paper- 
by  John  T.  Fanning,  member  of  this  Society, 
entitled  "A  Water  Conduit  under  Pressure, " 
which  was  published  as  Paper  No.  CXXXVL, 
Transactions,  Vol.  VI.,  page  69,  March,  1877. 

Members  of  the  Society  who  expect  to  visit 
Europe  during  the  present  year,  are  request- 
ed to  inform  the  Secretary  as  soon  as  possible 
of  that  fact,  and  also  of  the  time  when  they 
purpose  leaving  and  the  probable  length  of 
their  stay  abroad,  together  with  their  Euro- 
pean address. 

Members  who  desire  to  secure  complete 
sets  of  the  Transactions  of  the  Society  are 
requested  to  send  to  the  Secretary  a  list  of 
the  papers  which  are  needed  to  fill  up  their 
sets.  Some  of  the  earlier  papers  are  out  of 
print.  If  orders  are  received  for  a  sufficient 
number  to  warrant  the  expense,  a  reprint 
will  be  made. 

The  following  resolution  was  adopted  at  the 
Ninth  Annual  Convention  of  the  Society  and 
ordered  printed  regularly  in  the  Society  pub- 
lications : 

Whereas,  the  metric  system  of  weights  and 
measures  is  now  extensively  used  abroad  : 
and  whereas,  it  is  desirable  that  the  relation 
of  the  units  of  differing  systems  be  made 
familiar  to  all,  by  comparison  : 

Besolved,  That  Members  be  requested,  iu 
papers  hereafter  presented  to  the  Society  to 
write,  in  parenthesis,  weights  or  dimensions 
by  the  metric  system  iu  connection  with  those 
of  the  system  in  general  use. 

The  House  of  the  Society  is  at  104  East 
Twentieth  street,  one  door  east  from  Fourth 
avenue,  and  near  southwest  corner  of  Gram- 
erey  Park.  It  is  open  from  nine  o'clock 
a.  M.  to  five  O'clock  P.  M.  each  business  day 
except  Saturday,  when  it  is  closed  at  three 
o'clock  P.  M. 

The  Library  and  Conversation  Booms  will 
also,  for  the  present,  be  open  every  Thursday 
i  aening,  from  7|  to  10  p.  M.  Members  are  in- 
vited to  avail  themselves  of  the  opportunities 
afforded  on  Thursday  evenings  both  for  con- 
sultation of  books  and  periodicals  and  for- 
conversation. 
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LIST      OP      MEMBERS. 


ADDITIONS. 

MEMBI  RS. 

1  i. tie  of  Election. 

Force,  C.  G.,  |R City  Civil   Engineer's  Office,    Cleve 

land,  Ohio Feb.     6,      1878. 

Greene,   I!.  H Chief  Engineer,  New  <  Irleans   Pacific 

Ry.,  New  Orleans,  La May     1,      1878. 


CHANGES    AND   CORRECTIONS. 

MEMBERS. 

Dickinson,  1'.  P 35  Coal  and  Iron  Exchange,  New  York. 

Evans,  Walton  W 66}<  Pine  Street,  New  York. 

( rREENE,  David  M Troy,  N.  Y. 

Lane,   Moses 1616  Grand  Ave.,  Milwaukee,  Wis. 

OWEN,  JAMES Civil  Engineer,  74S  Broad  Street.  Newark,  X.  J. 

U'NIORS. 

MACY,  Arthur 26  Cedar  Street,  New  York. 

RAYMOND,  CHARLES  W 1  >ept.  of  Docks,  foot  of  Harrow  Street,  New  York. 

ASSOCIATE. 

Harris,  Charles  M.. (('are  Am.  Soc.  Civil  Engs.i.  New  York. 

FELL'  tw. 
Flint,  Charles  R S7  Wall  Street,  New  York. 


RESIGNED. 

Miller,  J.  Imbrie Member  May    7,     1878. 
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RECENT    PUBLICATIONS. 


ARCHITECTURE.— Designs  for  the  Con- 
struction of  Markets,  Warehouses  and  Sheds. 
By  Alex.  Eri.diu.iim,  C.  E.  Translated,  with 
an  Introduction  and  Notes,  by  E.  H.  D'Avig- 
<3or,  B.A.,  C.  E.  27  large  plates,  with  explan- 
atory test,  in  portfolio.     $17.00. 

CEMENT.— The  Science  and  Art  of  the 
Manufacture  of  Portland  Cement  ;  with  ob- 
servations on  some  of  its  constructive  appli- 
cations. By  Henry  Reid.C.  E.  New  edition. 
Illustrations.    8vo,  cloth.     ST. 00. 

COAL.— A  practical  treatise  on  Coal  Mining. 
By  Geo.  G.  Andre,  E.G.S.  Complete  in  two 
volumes,  royal  4to,  cloth,  containing  550 
pages  of  letter-press  and  84  plates  of  prac- 
tical drawings.     $28.00. 

SANITARY  ENGINEERING.— A  Scries  of 
Lectures  given  before  the  School  of  Military 
Engineering,  at  Chatham,  1870.  By  J.  Bailey 
Denton,  F.G.S.  In  one  thick  volume  of  429 
pages,  royal  8vo,  cloth,  containing  23  plates, 
135  engravings,  and  many  valuable  tables. 
$10.00. 

HEAT. — A  practical  treatise  on  Heat,  as 
applied  to  the  Useful  Arts,  for  the  use  of  En- 
gineers, Architects,  &c.  By  Thos.  Box.  Sec- 
ond edition.     Plates.     8vo,  cloth.     So. 00. 

HYDRAULICS.— The  New  Formula  for 
Mean  Yelocity  of  Discharge  of  Rivers  and 
Canals.  By  W.  R.  Kutter.  Translated  from 
articles  in  the  Cutlur-ltigenieur,  by  Louis 
D'A.  Jackson,  A.I.C.E.     8vo,  cloth.     $5.00. 

INDICATOR.— An  elementary  treatise  on 
Steam  and  the  Use  of  the  ludicator.  By  J. 
C.  Graham,  B.  Sc.  Illustrations,  8vo,  cloth. 
$3.50. 

STEAM  JACKET.— The  Abuse  of  the  Steam 
Jacket,  practically  considered.  By  W.  Fletch- 
er, M.E.     Crown  8vo,  sewed.     $1.20. 


MINING  MACHINERY.  —  A  descriptive 
treatise  on  the  Machinery,  Tools,  and  other 
appliances  used  in  Mining.  By  Geo.  G.  An- 
dre, F.G.S.  In  two  vols.,  royal  4to,  cloth,  uni- 
for  o  with  the  Author's  Treatise  on  Coal 
Mining.  Containing  182  plates,  drawn  to 
scale,  with  descriptive  letterpress.  Price 
$28.00.     Also  in  12  parts,  at  $2.00  each. 

STEAM  ENGINE.— A  practical  treatise  on 
the  Steam  Engine,  containing  plans  and  ar- 
rangements of  details  for  fixed  steam  engines, 
with  essays  on  the  principles  involved  in  de- 
sign and  construction.  By  Arthur  Rigg. 
9G  lithographed  plates,  and  200  diagrams.  In 
one  vol.  demy  4to.  handsomely  bound  in 
half-morocco,  S17.00.  Also,  in  twelve  puts, 
price  $1.25  each. 

STEAM  ENGINE  (The)  considered  as  a  Heat 

Engine.     A   treatise   on    the    theory    of   the 

i   Steam    Engine.      By  Jas.   H.  Cotterill.  M.A. 

Illustrated  by  diagrams,  tables,  and  examples 

lrom  practice.     8vo,  cloth.     $5.00. 

GAS  MANUFACTURE  —A  practical  trea- 
tise on  the  Manufacture  and  Distribution  of 
Coal  Gas.  By  Wm.  Richards.  Numerous 
wood  engravings  and  large  plates.  Demy  4to 
cloth.     $12.00. 

ROCK  BLASTING.— A  Practical  Treatise  on 
the  means  employed  in  Blasting  Rocks  for 
Industrial  purposes.  By  G.  G.  Andre.  F.G.S. 
Illustrations,  8vo,  cloth.     $4.20. 

AID  BOOK  to  Engineering  Enterprise 
Abroad.  By  Ewing  Mathesou,  M.  I.  C.E. 
8vo,  cloth.     $5.00. 

RAILWAYS.— Remunerative  Railways  for 
New  Countries,  with  some  account  of  the 
First  Railway  in  China.  By  Richard  C.  Ra- 
pier, M.I.  C.E.  Eight  photographs,  43  illus- 
trations, estimates,  &c.  Crown  4to,  cloth. 
$6,00. 


***  Descriptive  Catalogue  sent  Free  by  mail,  on  application. 


E.  &  F.  N.  SPON, 

Publishers  and  Importers  of  Scientific   Books, 


446     BROOME     STREET,      NEW     YORK. 


(II) 

CODE    OF    RULES 

FOR  THE 

AWARD  OF  THE  NORMAN  MEDAL. 


I.  Competition  for  the  Norman  Medal  of  the  American  Society  of  Civil  En- 
gineers shall  be  restricted  to  members  of  the  Society. 

II.  There  shall  be  one  gold  medal,  and  only  one,  struck  for  each  and  every 
fiscal  year  of  the  Society,  and  awarded  as  hereinafter  provided.  The  dies  therefor 
shall  be  with  the  Superintendent  of  the  United  States  mint  at  Philadelphia,  in 
trust  exclusively  for  the  aforesaid  purpose.  Such  medal  shall  be  of  a  cost  equal 
to  the  annual  interest  received  upon  $1  000  of  the  consolidated  stock  of  the  city  of 
New  York,  certificate  No.  179,  of  additional  new  Croton  Aqueduct  stock  of  the 
city  of  New  York,  authorized  by  an  act  of  the  Legislature  of  the  State  of  New 
York.  Chap.  230,  passed  April  15th,  1870,  dated  November  17th,  1873;  now  held 
in  trust  by  the  Treasurer  of  this  Society,  and  so  held  solely  for  this  purpose;  and 
shall  be  executed  upon  his  order. 

III.  The  President  of  the  Society,  the  Presidenf  of  Columbia  College,  and  the 
Engineer  Officer  of  the  United  States  Army  commanding  in  that  capacity  in  New 
York  city  and  vicinity,  shall  be,  ex-officio,  a  Hoard  of  Censors,  whose  duty  it  shall 
be  to  examine  all  papers  entitled  to  competition  under  these  rules,  and  award  the 
Norman  Medal  as  a  prize  of  merit,  as  hereinafter  provided. 

IV.  No  papers  shall  be  entitled  to  competition  except  such  as  are  of  practical 
engineering  interest ;  it  being  the  expressed  intention  of  the  donor  to  exclude  from 
competition  all  papers  of  a  purely  speculative  or  theoretical  character. 

Y.  Each  paper  submitted  for  competition  shall  be  headed  with  the  title,  but 
shall  not  exhibit  the  author's  name  on  any  part  of  the  manuscript;  it  shall  be  ac- 
companied with  a  scaled  envelope,  superscribed  with  the  title,  and  enclosing  both 
the  title  and  the  name  of  the  author;  the  whole  to  be  enclosed  in  an  envelope 
addressed  to  " The  President  of  the  American  Society  of  Civil  Engineers,''  and 
conspicuously  endorsed  "For  Norman  Medal,  year  "  and  presented  at 

least  two  months  prior  to  the  Annual  Meeting;  and  no  paper  otherwise  presented, 
or  in  possession  of  the  Society,  shall  be  admitted  to  competition,  nor  except  for 
the  fiscal  year  in  which  it  shall  have  been  presented. 

VI.  All  papers  presented  in  accordance  with  the  foregoing  rule  shall  first  be 
submitted  by  the  President  to  the  Board  of  Censors,  and  alter  their  examination, 
and  at  the  Annual  Meeting,  the  President  shall  present  the  successful  essay,  to- 
gether with  the  sealed  envelope  containing  the  author's  name,  accompanied  with 
the  certificate  of  the  Board  of  Censors,  to  the  Society — when  the  envelope  shall  be 
opened,  the  author's  name  announced,  and  the  award  declared.  Such  award  shall 
be  entered  on  the  Minutes  and  published  in  the  proceedings  of  the  Annual  Meet- 
ing. If  for  any  reason,  in  any  year,  there  shall  be  no  award  of  this  medal,  then 
the  amount  of  the  interest  of  the  fund  for  that  year  shall  be  expended  by  the  Board 
of  Direction  in  the  purchase  of  books;  said  books  to  be  offered  as  a  premium  for 
the  second  best  competing  paper  for  the  medal  of  the  succeeding  year. 

VII.  The  Treasurer  of  this  Society  shall  cause  the  medal  to  be  prepared  and 
delivered  to,  or  deposited  to  the  order  of  the  successful  competitor,  within  two 
months  aftei  the  Annual  Meeting    at  which  the  same  shall  have  been  awarded. 

VIII.  The  Board  of  Censors  may  make  such  regulations,  consistent  with  this 
Code,  as  they  may  deem  proper,  and  shall  have  power  to  fill  vacancies  in  said 
Board. 


(Ill) 


D.  VAN  NO  STRAND, 

PUBLISHER   OF    SCIENTIFIC    BOOKS, 

23  Murray  Street  and  27  Warren  Street,  New  York. 


General  Catalogue  of  American  and  Foreign  Scientific  Books,  128  pages, 
8vo,  including  titles  of  all  leading  Works,  in  Architecture,  Carpentry,  Building, 
Astronomy,  Navigation,  Ship-building,  Meteorology,  Brewing,  Distilling, 
Wine  Making,  Chemistry,  Physics,  Philosophy,  Coal,  Oil,  Gas,  Drawing, 
Painting,  Photography,  Electricity,  Electric  Telegraph,  Engineering,  Ma- 
chinery, Mechanics,  Geology,  Mineralogy,  Mining,  Metallurgy,  Hydraulics, 
Hydrostatics,  Iron,  Steel,  Life  Insurance,  Mathematics,  Works  of 
Reference,  &c.     Sent  on  receipt  of  10  cents,  by  mail,  post  paid,  to  any  address. 


J.   HERBERT  SHEDD, 

CIVIL    ENGINEER, 

PROVIDENCE,    R.    I., 

Offers  his  Services  to  Engineers  and  Municipal  Authorities,  in  consultation  upon 
Water  Works,  Sewerage,  and  general  Sanitary  Engineering. 

Wrought-Iron  and  Cement  Water-Pipe  Company. 

General  Office,  41  Dey  Street,  New  York. 


This  pipe  is  made  of  wrought-iron,  coated  with  asphalt,  then  lined  with  and 
laid  in  hydraulic  cement.  This  Company  has  been  in  operation  thirty  years,  and 
laid  1,244  miles  of  pipe,  of  diameters  from  service  to  36  inches,  in  71  cities 
ami  towns,  under  hydrostatic  pressures  due  to  250  feet  and  less. 


MINING  AND  RAILWAY  LAW. 

The  undersigned,  having   had  a  number  of  years'  ex- 
perience   in  Railway  and  Mining  Engineering,   makes   a 

specialty  of  Legal  Questions  of  that  character.  Has  ex- 
ceptional advantages  for  conducting  correspondence  in 
foreign  countries.  Is  prepared  to  act  as  agenr,  collect 
claims,  and  also  to  solicit  and  negotiate  Patents  in  the 
United  States  and  Europe. 

HENRY    S.    DRINKER, 

210  South  Fourth  Street,  Philadelphia,  Pa. 


(IV) 


KELLOGG    BRIDGE    COMPANY, 

OFFICE  &  WORKS,  BUFFALO,  S.Y. 


BRIDGE   BUILDERS  &  CONTRACTORS. 

All  kinds  of  Wrought  Iron  Hail  way  and  Highway  Bridges,  Viaducts,  Trestle  Work,  Turn 
Tables.  Roof's  ami  other  Iron  .Structures  ;  Railroad  Work  and  Die  Forged  Eye-bars,  without 
welds  or  upsets,  a  specialty.     Send  for  illustrations. 


UNION  IKON  CO. 


OF    BUFFALO. 

BEAMS,  CHANNELS  &  SHAPE  IRONS, 

PIG,   BAR  IRON  AND  RAILS, 

Rolled  Shafting,  Boiler,  Plate  and  Tank  Irons. 

BRIDGE    IRON   A  SPECIALTY. 

BUFFALO,   X.  1\ 

PENNSYLVANIA  STEEL  COMPANY 


P.  O.  Drawer 
»51. 


MANUFACTURERS  OF 


LORENZ' 

SAFETY   SWITCH, 


STANDARD   STEEL    RAILS, 

Axles,  Forgings,  Frogs,  Crossings  and  Switches. 

Z/d   SOUTH  FOURTH  STREET, 
PHILADE  LFHIA. 


THE    "FISHER" 

Patent  Rail  Joint, 

MANUFACTURED    BY 

FISHER&NORRIS, 

Trenton,    N.  J. 


SECT/0/v 


In  the  "Fisher"  system  by 
vertical  bolts,  the  ends  of  con- 
tiguous rails  are  securely  fast- 
ened between  heavy  horizontal 
plates,  which  enclose  the 
flanges. 

Of    these    bolts,    usually   in 

pairs  in  the  [ |  form,  one,  two, 

three  or  four  are  employed  as 
desired.  From  their  large 
diameter  (one  inch),  and  acting 
in  the  same  direction  as  the  load,  no  loosening  of  the  nuts 
occurs,  except  that  due  to  internal  wear  of  the  plates 
and  rail  surfaces.  Having  the  whole  area  of  the  base  of 
rail,  instead  of  a  narrow  bearing  under  the  head,  as  with 
common  fish  bars,  this  wear  is  very  slight,  and  may 
be  taken  directly  up  by  the  nuts.  Twice  a  year,  using  a 
four  foot  wrench,  is  sufficient  for  this,  and  no  "  stop  "  or 
other  washers  are  required  or  used. 

Joints  taken  from  the  track  of  the  Boston  &  Provi- 
dence R.  It.,  after  thirteen  years'  continuous  use,  show  this  wear  to  have  been 
55th  of  an  inch. 

No  holes  are  made  in  the  stem  of  the  rail.  The  only  slotting  is  for  elliptical 
notches  in  the  edges  of  the  flanges  and  without  perceptible  weakening  of  their 
strength.  Several  varieties  have  been  in  use  on  important  roads,  for  from  four 
to  thirteen  years — either  between  ties,  on  one  tie,  or  extending  the  lower  plate 
over  two  ties,  and  in  every  ease  have  demonstrated  that  for  preservation  of  rails, 
smoothness  of  track,  and  saving  in  labor  and  repairs,  the  vertical  system,  holding 
the  rail  by  its  broad  base  instead  of  under  the  head,  directly  by  large  vertical 
bolts,  is  the  correct  one  as  opposed  to  fish  bars,  which  are  dependent  on  hori- 
zontal bolts  to  keep  them  in  place — subject  to  rapid,  unequal  wear  and  cross- 
strains,  and  with  continual  loosening  of  nuts.  All  fish  bars  wear  greatest  at 
their  middle,  and  alter  three  or  four  years'  use  they  will  be  found  so  much  more 
worn  there  than  at  their  ends  that  a  perfect  bearing  can  be  no  longer  obtained 
by  screwing  up  the  nuts,  and  a  rapid  destruction  of  the  ends  of  the  rails  obtains 
soon  after. 

Among  the  roads  which  have  used  these  joints  in  large  quantities  for  a 
number  of  years,  are  the  Fitchburg  R.  R.,  Boston  cfe  Providence  R.  R.,  Pennsyl- 
vania R.  R.,  Lehigh  &  Susquehanna  R.  R.,  Philadelphia,  Wilmington  &  Baltimore 
R.  R.,  Cumberland  &  Pennsylvania  R.  R.,  Delaware  &  Hudson  Canal  Co.,  «fcc. 
THE  MANUFACTURERS  INVITE  ORDERS  FOR  TRIAL  LOTS  FROM 
ROADS  WHICH  HAVE  NOT  YET  USED  THIS  JOINT. 


(VI) 

STEVENS  INSTITUTE  OF  TECHNOLOGY. 


Mechanical  Laboratory  of  the  Department  of  Engineering. 

SCHEDULE  OF  CHARGES,  October,  1811. 

STRENGTH,    <fcC.,  OF   MATERIALS. 

Tests,  on  Autographic  Recording  Testing  Machine,  of  strength,  ductility, 
resilience,  and  determination  of  elastic  limit,  elasticity,  homogene- 
ousness  of  structure  and  amount  of  internal  strain,  with  strain-dia- 
gram and  record $3  00 

For  test  and  record  alone 2  50 

Tests,  on    ordinary  Testing  Machine  of  20  tons   capacity,  of  strength, 

simply,  with  record 2  00 

For  determination  of  strength,  ductility,  resilience,  and  elastic  limit. ...         3  00 
Tests  on  machine  for  determining  the  transverse  strength  of  materials ; 

maximum,  3  tons 3  00 

Tests  of  value  of  lubricant  on  the  Machine  for  Testing  Lubricating  Ma- 
terials          5  00 

And  for  time  in  excess  of  10  hours,  per  hour 0  50 

For  time  on  tests  of  strength  of  materials,  in  excess  of  6  hours,  per  hour         0  50 

Trials  of  steam  boilers,  with  record 25  00 

Labor  at  trial,  and  office  work,  per  hour  ...    0  60 

Trials  of  steam  engines,  60  cents  per  hour  and 25  00 

For  labor  in  the  workshop,  per  hour 0  40 

For  use  of  machine  tools  and  time  of  attendant,  per  hour 0  60 

For  miscellaneous  office  work,  per  hour,  $0.60  to 1  00 

For  determination  of  composition  and  quality  of  fuels  and  other  materials 
charges  are  made  for  time  occupied  and  according  to  the  difficulty  of  the  work 
and  the  importance  of  the  results  sought. 

The  Mechanical  Laboratory  has  made  more  than  2  500  tests  of  strength  and 
other  qualities  of  materials,  including  every  kind  in  general  use,  and  by  every 
method.  Copies  of  the  record  are  retained  in  the  Record  Books  and  one  half 
of  each  test-piece  is  marked  and  retained  iD  the  cabinets.  Analyses  and  deter- 
minations of  quality  of  a  great  variety  of  materials  have  been  made  for  citizens 
and  goverameatal  departments. 

PRICES  OF  APPARATUS  AND  MACHINERY, 

AUTOGRAPHIC    TESTING    MACHINES. 

No.  1,  Design  of  1873,  with  base  plate $200  00 

••Standard"  "        1874,    do.    and  ratchet  lever 250  00 

"  Stevens '76,"  "         1876,    do.     wormgear 350  00 

These  machines  have  been  furnished  to  the  United  States,  the  Russian  and 
Japanese  governments,  to  technical  schools  and  to  private  purchasers.  They  give 
an  autographic  pencilled  record  of  strength,  ductility,  elasticity,  homogeneous- 
ness,   <fec. 

MACHINE  FOR  TESTING  LUBRICANTS. 

"  Stevens  '77,"  Design  of  1876,  journal  1%  inch $150  00 

Railroad  Style,  "  Stevens  '78,"      "       2%     "     250  00 

R.  R.  Standard, "       7x3%  in 450  00 

The  "  R.  R.  Standard"  has  a  journal  as  designed  for  the  Pennsylvania  Railroad 
Co..  of  the  full  size  of  the  car-axle  journal,  and  the  pressure  may  be  made  as  high 
as  5  tons.  The  machine  enables  a  comparison  to  be  made  of  velocity  of  rubbing 
surfaces,  pressure  on  journal  and  heating,  and  is  the  only  machine  giving  the 
co-efficient  of  friction.  Over  500  tests  of  oils  have  been  made  to  date  on  these 
machines. 

Fine  bronze  and  brass  castings  at  fair  prices,  Philosophical  apparatus,  from 
the  Institute  instrument-maker's  shops,  at  list  prices. 

Profits  are  devoted  to  extending  the  already  exceptional  facilities  of  the  Labor- 
atory and  to  defraying  expenses  of  scientific  investigations  having  interest  and 
practical  value  to  the  profession.     Send  for  circulars  to 

Prof.  ROBERT  H.  THURSTON,  Director. 


(VII) 


THE 


COLT'S  ARMORY  TESTING  MACHINE. 


The  Cotl  Co.  are  prepared  to  make  tests  of  materials  with  this  machine,  by  tensile,  trans- 
-verse,  and  crushing  strains,  up  to  100,000  lbs.,  and  with  specimens  of  various  lengths  up  to  8  ft. 

The  elastic  qualities  of  the  material  will  be  given  if  required. 

All  results  obtained  from  tests  for  any  parties  will  be  considered  as  belonging  to  them  only, 
and  will  be  treated  as  confidential.     Apply  to 

THE  COLT'S  PATENT  FIRE  ARMS  MAlXtJP'G  CO.,  Hartford,  Ct. 


THE     BAXTER     ENGINE, 

From  2  to  10  Horse-Power, 

MANUFACTURED    AND    FOR    SALE 

BY 

lie  Colt's  Patent  Fire  Anns  ||  Co., 

HARTFORD,  Ct. 

Vll  parts  of  these  engines  are  made  on  the  interchangeable  system 
and  are  of  the  best  materials  and  workmanship. 

In  these  engines  the  cylinders  and  valve  chest  are  inclosed  within  the  boiler,  bo  as  not  to  be 
exposed  to  radiation  ;  they  are,  therefore,  economical  in  the  use  of  fuel,  and  are  not  liable  to 
an  accumulation  of  water  in  the  cylinder,  by  which  so  many  engines  are  injured. 


DETROIT  BUDGE  AND  IRON  WORKS  OF  DETROIT,  MICH. 


ENGINEERS   AND    BRIDGE    BUILDERS. 


WILLARD  S.  POPE,      W.  C.  COLBURN,        S.  S.  ROBINSON 
JPree't  and  Eag'r.  Sec'y  and  Treas.  Superintendent. 


L.    SOULERIN, 

ENGINEER   AND    CONTRACTOR  OF   IRON  BRIDGES,   ROOFS, 

VIADUCTS,    TURN-TABLES,   &c. 

34  South  Clarke  Street,  Chicago,  III. 


•  CLARKE  «  REEVES  •  &  •  Co 


■  Ollke  ■  No  •  410  ■  Walnut  -  St  ■  Pliiladelnliia  • 


ENGINEERS  JpwL  ROOFS, 

CONSTRUCTORS  llJffi&M  VIADUCTS, 


or  ETC., 

IRON  V%rgj#/  OF    EVERY 

BRIDGES.  W~^<g  DESCRIPTION. 


N.   B. — An  illustrated  Album,  showing  different  styles 
of  construction,  will  be  mailed  on  application  to  above 
address. 


DELAWARE  BRIDGE  COMPANY, 


ENGINEERS  AND  CONTRACTORS 


FOE  THE  COXSTEUCTIOX  OP 


BRIDGES,  ROOFS,  TURN  TABLES 


AND  OTHER  ENGINEERING  WORKS, 


OFFICE,  52  WALL  ST.,  NEW  YORK. 


C.  MACDONALD,  W.  M.  FINCKE, 

Eng.  and  Pres't.  Sec'y  and  Treat. 


